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ABSTRACT
Context. The emission process responsible for the so–called “prompt” emission of gamma–ray bursts is still unknown. A number
of empirical models fitting the typical spectrum still lack a satisfactory interpretation. A few GRB spectral catalogues derived from
past and present experiments are known in the literature and allow to tackle the issue of spectral properties of gamma–ray bursts on a
statistical ground.
Aims. We extracted and studied the time–integrated photon spectra of the 200 brightest GRBs observed with the Gamma–Ray Burst
Monitor which flew aboard the BeppoSAX mission (1996–2002) to provide an independent statistical characterisation of GRB spectra.
Methods. The spectra have a time-resolution of 128 s and consist of 240 energy channels covering the 40–700 keV energy band. The
200 brightest GRBs were selected from the complete catalogue of 1082 GRBs detected with the GRBM (Frontera et al. 2009), whose
products are publicly available and can be browsed/retrieved using a dedicated web interface. The spectra were fit with three models:
a simple power–law, a cut–off power law or a Band model. We derived the sample distributions of the best-fitting spectral parameters
and investigated possible correlations between them. For a few, typically very long GRBs, we also provide a loose (128-s) time–
resolved spectroscopic analysis.
Results. The typical photon spectrum of a bright GRB consists of a low–energy index around 1.0 and a peak energy of the ν Fν
spectrum Ep ≃ 240 keV in agreement with previous results on a sample of bright CGRO/BATSE bursts. Spectra of ∼ 35% of GRBs
can be fit with a power–law with a photon index around 2, indicative of peak energies either close to or outside the GRBM energy
boundaries. We confirm the correlation between Ep and fluence, in agreement with previous results, with a logarithmic dispersion of
0.13 around the power–law with index 0.21 ± 0.06. This is shallower than its analogous in the GRB rest–frame, the Amati relation,
between the intrinsic peak energy and the isotropic–equivalent released energy (slope of ∼ 0.5). The reason for this difference mainly
lies in the instrumental selection effect connected with the finite energy range of the GRBM particularly at low energies.
Conclusions. We confirm the statistical properties of the low–energy and peak energy distributions found by other experiments.
These properties are not yet systematically explained in the current literature with the proposed emission processes. The capability of
measuring time–resolved spectra over a broadband energy range, ensuring precise measurements of parameters such as Ep, will be of
key importance for future experiments.
Key words. gamma rays: bursts
1. Introduction
Giant leaps in the knowledge of the gamma-ray burst (GRB)
explosions have been made in the last 15 years, mainly thanks
to the discoveries obtained by former BeppoSAX (1996–2002),
HETE–II (2000–2006) and current Swift (2004) and Fermi
(2008) missions, as well as those made by ground facilities in
response to the spacecraft triggers.
Time-integrated photon spectra of long GRBs can be ad-
equately fit with a smoothly broken power–law (Band et al.
1993), whose low-energy and high-energy photon indices, α and
β, have median values of −1 and −2.3, respectively (Preece et al.
2000; Kaneko et al. 2006; hereafter K06). Similar results were
obtained by time-resolved spectral analysis (Frontera et al.
2000; Ghirlanda et al. 2002; K06). In spite of this, the nature
and emission mechanisms responsible for the prompt emission
of GRBs are still a matter of debate.
Send offprint requests to: C. Guidorzi, guidorzi@fe.infn.it
The corresponding νFν spectrum peaks at Ep, the so-
called peak energy, whose rest-frame value is found to corre-
late with other relevant observed intrinsic properties, such as
the isotropic-equivalent radiated γ-ray energy, Eiso (Amati et al.
2002), or its collimation-corrected value, Eγ (Ghirlanda et al.
2004). These correlations are observed to hold statistically on
the sample of GRBs with known intrinsic quantities; however,
they are affected by a significant dispersion, which could be due
to some hidden variables. Specifically, while the scatter of the
Ep–Eiso relation is well measured and known to differ from zero
(e.g., Amati et al. 2009), the same issue for the corresponding
collimation–corrected relation is debated (e.g., Campana et al.
2007; Ghirlanda et al. 2007; McBreen et al. 2010). In the
BATSE catalogue (Paciesas et al. 1999), the Ep distribution clus-
ters around 300 keV with a ∼ 100 keV width (K06).
From the phenomenological perspective much effort has
been made in order to characterise and identify typical spec-
tral properties of bursts, by applying parametric spectral models
that characterise, within the observational energy window, the
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most relevant quantities. These quantities include the peak en-
ergy and the low and high energy components which are related,
according to the most accredited emission theories, to the parti-
cle energy distribution and/or to the physical parameters of the
emitting region.
One of the most promising mechanisms proposed for the
gamma–ray emission is the synchrotron shock model (SSM).
This model assumes that the electrons in an optically thin en-
vironment are accelerated by the first–order Fermi mechanism
to a power–law distribution dN(γ)/dγ ∝ γ−p, where γ is the
Lorentz factor. This distribution does not evolve in time, and the
electron index p is related to the high–energy photon index ei-
ther as β = −(p + 2)/2 in case of the fast–cooling synchrotron
spectrum, or as β = −(p + 1)/2 in case of non-cooling syn-
chrotron (Sari et al. 1998). The peak energy can be expressed
as: Ep ∝ γ2e Bps, where γ2e is the pre–shock equilibrium electron
energy and Bps is the post–shock magnetic field (Tavani 1996).
The use of large catalogues represents a fruitful approach
to the study of the spectral properties of GRBs on a statis-
tical ground. In particular, the characterisation of the time–
averaged photon spectra is important because it offers clues
for understanding the radiation and particle acceleration mech-
anism at work during the prompt phase of GRBs, on which
there is no consensus yet. In this paper, we extracted and stud-
ied the time–integrated photon spectra of the 200 brightest
GRBs observed with the Gamma–Ray Burst Monitor (GRBM;
Feroci et al. 1997; Frontera et al. 1997) aboard the BeppoSAX
mission (Boella et al. 1997) and performed a novel statistical
study of the main parameters characterising the GRB spectra.
The paper is organised as follows. Sections 2 and 3 report the
observations, data reduction, and analysis. We report our results
in Sect. 4, in the light of the models proposed in the literature,
and Sect. 5 presents our discussion and conclusions.
All quoted errors are given at 90% confidence level for one
interesting parameter (∆χ2 = 2.706), unless stated otherwise.
2. Observations
The GRB sample used for this analysis was extracted from the
GRB catalogue of the BeppoSAX/GRBM (Frontera et al. 2009,
hereafter, F09). The main constraints in the selection process
were the following:
– sufficient number of total counts on the most illuminated de-
tector unit;
– well defined response function, connected with the informa-
tion on the GRB arrival direction;
– reliable background interpolation.
In order to be able to derive a reliable time-integrated spectrum,
we noted that the average threshold on the number of total counts
for a given detector unit ranges from 3000 to 4000, depending on
the GRB local direction to BeppoSAX and on the GRBM unit
considered in each case.
A number of GRBs (28) have also been detected in common
with BATSE, whose data were published by K06 (see Sect. 4.8).
For these bursts, in addition to exploiting the information on the
GRB position derived by BATSE, useful to choose the appropri-
ate response function, we compared the results we obtained with
the GRBM data with what published by K06.
The background interpolation and subtraction required the
availability of spectra acquired within contiguous time intervals
around that/those including the burst. This requirement further
limited the final number of selected events.
Finally we ended up with 185 bright GRBs out of the 1082
GRBs belonging to the GRBM catalogue (F09). Hereafter, flu-
ence Φ is referred to the 40–700 keV energy band, unless other-
wise specified. The values of the largest and lowest fluences in-
cluded in the final sample are 1.7×10−4 and 4.4×10−6 erg cm−2,
respectively.
3. Data reduction and analysis
Firstly, among the 128-s time intervals continuously sampled
with a time-integrated spectrum, we identified those including
the GRBs and those adjacent, required for the background es-
timate. In some cases we took only the most illuminated unit
for each GRB; in the remaining cases, we considered the two
most illuminated units, apart from a few cases, for which it was
possible to extract meaningful spectra from three different units.
The two-unit case typically occurred when the burst direction
with respect to the BeppoSAX local frame was such as to give
comparable counts to both units. Data from the second most il-
luminated unit were ignored when the signal-to-noise (S/N) did
not allow a statistically significant spectral reconstruction.
Table 1 reports the details of the data available for each anal-
ysed burst: for each spectrum the corresponding time interval is
referred to the on-ground trigger time (F09), expressed as sec-
onds of day (SOD). Each spectrum of a given burst is tagged
with a letter and the corresponding packet number inherited from
the GRBM archival data (and used in the GRB catalogue web in-
terface1) is also reported.
The GRB spectra reduction and analysis is performed as fol-
lows:
– dead-time correction of both source and background 128-s
long spectra (Sect. 3.1);
– background fitting by interpolation of adjacent 128-s dead-
time corrected spectra (Sect. 3.2);
– identification of the appropriate GRBM response function
(dependent on the GRB position; Sect. 3.3);
– spectral fitting of background-subtracted GRB spectra:
– GRB total spectrum (“time-integrated” spectrum);
– individual 128-s spectra of the GRBs that happened to be
split into two or more intervals (“time-resolved” spectra).
3.1. Dead-time correction
We set up the following procedure to correct the 128-s integrated
spectra for dead time. The 40–700 keV light curve of the corre-
sponding unit is taken into account because a nearly constant rate
gives rise to a dead time effect smaller than a rate with prominent
peaks of small time duration. For a given average 128 s spec-
trum, let c˜i be the observed counts in the 40–700 keV band for
the i-th 1-s bin (i = 1, . . . , 128). The dead-time corrected counts,
ci are calculated as ci = c˜i/(1 − τ c˜i), where τ = 4 µs is the dead
time. Let fi be the rate fraction of the corresponding bin, defined
as fi = ci/c, where c is the sum of all ci’s (i = 1, . . . , 128). Let
s˜ the total number of measured counts in the 128-s spectrum in-
tegrated over the 240 energy channels; this must also satisfy the
following:
s˜ =
128∑
i=1
fi s
1 + τ fi s (1)
where s is the number of the total corrected counts we would
have observed integrating the spectrum in the absence of dead
1 Available at http://saxgrbm.iasfbo.inaf.it
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Fig. 1. 1-s light curve of GRB 000226 detected with GRBM unit
2 in the 40–700 keV band shown as an example. The dashed
horizontal line shows the parabolic fit to the background. The
vertical lines mark the time intervals corresponding to the 128-
s spectra continuously acquired. Spectra “A” and “B” include
the GRB, while the adjacent intervals are used to interpolate the
background in each channel.
time. Therefore s can be estimated as the root of the following
equation:
f (s) =
128∑
i=1
fi s
1 + τ fi s − s˜ = 0. (2)
Assuming a negligible distortion of the original spectral
shape due to dead time (which is the case when no strong spec-
tral evolution occurs during the 128-s interval over which the
spectrum is integrated), we renormalise the observed counts of
each energy channel by the factor s/s˜.
3.2. Background subtraction
In order to reliably estimate the background counts in each en-
ergy channel of the time-integrated spectra, and to ensure a safe
interpolation, we made sure that spectra accumulated over 128-s
time intervals temporally contiguous to that including the burst
were also available. In a few cases, either the time interval pre-
ceding or that following the GRB was not available; in these
cases we checked that the background was so stable (typically
within a few %) as to ensure linear (back)-extrapolation. For this
reason we did not use the 128-s taken right before the ingress or
right after the exit of a passage over the South Atlantic Anomaly.
Figure 1 shows the example of GRB 000226 (# 138 in
Table 1). The independent spectral sampling happened to split
this burst in two different 128-s spectra, called “A” and “B”, re-
spectively (marked by vertical lines). The light curve shown is
the 40–700 keV profile of the most illuminated unit (GRBM 2):
the background was interpolated with a parabolic fit (as in gen-
eral), although a linear fit was already satisfactory. We identified
the packet numbers corresponding to “A” and “B”: 30 and 31,
respectively. We also took two couples of adjacent spectra pre-
ceding (28, 29) and following (32, 33) the burst spectra, respec-
tively. All these spectra were dead-time corrected as in Sect. 3.1.
At this point we performed two operations closely con-
nected with one another: background fitting and energy chan-
nels’ grouping. The latter operation is the result of ensuring
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Fig. 2. 128-s light curve of energy channel 60 (160–163 keV) of
GRB 000226 as seen with GRBM unit 2 (same example as in
Fig. 1). The dashed line shows the linear fit of the background.
Same vertical lines as in Fig. 1.
a minimum significance (3σ) on the net counts of the final
background-subtracted grouped energy channel. More in detail,
this is how the procedure works: it extracts the light curve of a
given (original) energy channel out of the selected spectra. This
light curve is then fit linearly (excluding the spectra including
the GRB) so that the interpolated background counts expected
during the GRB intervals are estimated. These steps are repeated
for a sequence of adjacent energy channels: every time an origi-
nal energy channel is summed up, the light curve extraction and
fitting is reiterated for the grouped energy channel, until the to-
tal net counts exceed the significance threshold. When this is
the case, the used energy channels are grouped into a final sin-
gle channel. An example of this is displayed in Fig. 2 for the
same burst shown in Fig. 1: the light curve of energy channel 60
(in this case corresponding to the energy range 160–163 keV)
is built up from 6 contiguous 128-s time intervals. A satisfac-
tory linear fit is performed on the background intervals (dashed
line): the resulting net counts in the GRB intervals (“A” and “B”)
match the significance requirement so that this channel can stand
alone.
The above steps are repeated until the full range of energy
channels is covered. The last grouped channel, that in general
does not fulfil the significance requirement, is merged into the
previous one. The goodness of the fit of the background light
curve for each grouped energy channel is expressed in terms of
reduced χ2. This is then checked by the human operator to make
sure that all the fits are acceptable. The uncertainty on the net
counts of each grouped channel is calculated by propagating the
statistical uncertainties of counts and those affecting the interpo-
lated background.
All this applies to the meaningful channels, i.e. from 18 to
240 out of the 256 nominal channels, while the remaining are
ignored.
3.3. Response Matrices
The knowledge of the appropriate response matrices for a given
burst requires the GRB position with respect to the BeppoSAX
reference frame to be known, also called “local” position. The
reason is the complex dependence of the response function on
the local direction and photon energy, due to the BeppoSAX
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payload itself surrounding the GRBM units. The GRBM re-
sponse function for a generic direction was determined with
Monte Carlo techniques (Calura et al. 2000) and in-flight cali-
brated with Crab observations and cross-calibrated with BATSE
through commonly detected GRBs. See F09 for a detailed de-
scription.
The information on the directions of the GRBs considered in
this work was taken from F09: column “CAT” in Table 1 reports
the ID of the catalogue providing the most accurate position of
each GRB using the same convention as in F09. For those GRBs
for which no such information is available, typically the GRBs
detected by the GRBM alone and for which the localisation pro-
cedure did not give a unique acceptable solution, we used as
many response matrices as the possible directions and made sure
that the spectral results were not significantly different from each
other.
3.4. GRB spectra and models
In the case of GRBs whose profile was sampled by multiple 128-
s intervals, we extracted and fit both the total (time-integrated)
and the individual (time-resolved) spectra. Whenever the burst
was contained within a single interval, no time-resolved spec-
trum was possible.
We adopted three possible fitting models: i) Band’s model
(band; Band et al. 1993) ii) the cut-off power–law (cpl), where
the photon spectrum is N(E) ∝ E−α exp [−E (2 − α)/Ep]; iii) a
simple power–law (pow), N(E) ∝ E−α.
In addition to the normalisation, the free parameters of the
fitting models were the power–law indices (the low- and high-
energy α and β for band, only the low-energy index for the other
models) and the peak energy, Ep, of the νFν spectrum. We note
that the signs of the band photon indices follow a different con-
vention from the other models. Spectral fitting was done using
XSPEC v12.5 (Arnaud 1996).
Table 2 reports the spectral fitting results for the total spectra
of all the bursts for various models. The powmodel was adopted
when the goodness of the fit, expressed through the reduced χ2,
was already acceptable and fitting with the other models did not
provide any useful constraint on Ep. This was typically the case
for bursts with the Ep either above or below the energy pass-
band of the GRBM and/or for spectra with relatively poor S/N.
Following Sakamoto et al. (2008a), for each of the 185 time-
integrated spectra we first fit each spectrum with each of the
three models. Whenever passing from a model to a more com-
plex one the total χ2 decreased by more than 6 for each addi-
tional degree of freedom, we considered it a significant improve-
ment in modelling the spectrum (see Sakamoto et al. 2008a).
In most cases, the high-energy photon index β of the band
function could not be constrained by the data, due to the nar-
rower energy passband of the GRBM compared with that of
BATSE as well as to the S/N ratio of the spectra. In such cases,
we fixed its value to the average value of −2.3 found on the
BATSE sample (K06). In a few cases the same problem occurred
at low energies, for which we fixed the corresponding index α to
the analogous value of −1.0.
We have not achieved in any case a statistical improvement
with the band model, except for three cases of time-resolved
spectra, characterised by a large S/N (spectra B of 980615B,
971208B and 970831). The best–fit model of each GRB is
marked with an asterisk in Tables 2 and 3.
We excluded from statistical analysis the bursts whose spec-
tra gave a poor fit, i.e. whose results in terms of χ2/dof can be
rejected at 99% confidence level. These cases represent less than
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Fig. 3. Goodness of the fit for all the brightest GRBs with
known arrival direction (143 out of 200) as a function of the
BeppoSAX local azimuth angle φ. Vertical dashed lines at φ =
0◦, 90◦, 180◦, 270◦ correspond to the axes of GRBM units 2, 3,
4, 1, respectively. Empty squares (filled circles) are the GRBs lo-
calised by other experiments (GRBM alone), as reported in F09.
 0.2
 0.4
 0.6
 0.8
 1
 1.2
 1.4
 1.6
-80 -60 -40 -20  0  20  40  60  80
χ2
/
d
o
f
Local altitude θ [deg]
Fig. 4. Same as Fig. 3. Angle θ is the BeppoSAX local altitude
above the equatorial plane, marked by the vertical dashed line.
3% of the total sample and are the following bursts: 980203B,
990118A, 000328, 001213 and 001228.
4. Results
4.1. Results in the BeppoSAX local frame
We studied the goodness of the spectral fit for each GRB as
a function of the direction as referred to the BeppoSAX local
frame of reference (F09). The aim is to check the goodness of
the response matrix as a function of the GRB arrival direction.
To this aim, we investigated how the total reduced χ2 for each
GRB best-fitting spectral model depends on both the local az-
imuth φ, measured counterclockwise from the axis of GRBM
unit 2, and the local altitude θ above the BeppoSAX equatorial
plane, respectively.
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Figure 3 shows the reduced χ2 of the best-fitting spectral
model for each GRB as a function of the local azimuthal angle
φ for 143 GRBs with known arrival direction out of our sample.
The points are divided in two classes: those localised by other
experiments (empty squares), whose information on the direc-
tion is independent from the GRBM, and the remaining ones
localised with the GRBM (filled circles; see F09). Clearly both
classes do not show any strong dependence of the goodness of
the fit on the local azimuthal direction. We just note that GRBs
close to GRBM unit 2 axis have slightly more scattered χ2 values
than other units.
Figure 4 shows the goodness of the fit as a function of the lo-
cal elevation or altitude angle θ. As for the azimuthal angle, the
goodness of the fit shows no dependence on the elevation angle
either. Here noteworthy is the presence of more GRBs (60% of
the total) in the BeppoSAX northern hemisphere (θ > 0◦): this
is explained by the more effective absorption for southern direc-
tions due to the on-board electronics boxes in the lower part of
the spacecraft (Guidorzi 2002), as evidenced by the number of
bright GRBs, that drops significantly for elevation angles below
−20◦/−30◦. The paucity of GRBM–localised GRBs compared
with those localised by other instruments at directions close to
the BeppoSAX local poles is due to the limitations of the GRBM
localisation technique (F09).
4.2. Results of the pow model
The power–law model provides acceptable fits for ∼ 35% of the
sample. This model represents the best-fitting model for 10% of
the 100 brightest GRBs; the same fraction rises to 53% when we
consider the less bright half of the sample.
The power–law index αpow distribution was derived by se-
lecting only those GRBs whose spectral fitting gave an uncer-
tainty smaller than 0.3. This choice was the result of a trade-off
between the need of reasonably accurate values and the need of
a good statistics. As a consequence the sample shrank to 87%.
The resulting distribution of αpow can be fit with a Gaussian
with αpow = 1.86 and σ(αpow) = 0.32 (top panel of Fig. 5), in
agreement within the analogous results obtained over a sample
by Swift/BAT (1.6 ± 0.2; Sakamoto et al. 2008a) as well over
a sample of INTEGRAL (1.6 in the energy band 18–300 keV;
Vianello et al. 2009). The slightly softer average value we ob-
tained with the GRBM bursts is explained by the harder energy
range considered, thus more likely to be affected by the steepen-
ing of the spectrum due to the high-energy component; this con-
clusion is also supported by the corresponding value (α ≃ 1.7)
obtained over the BATSE sample (K06).
The softness of most spectra fit with a pow model is ex-
plained with most GRBs having Ep below ∼ 100 keV. About
30% of the pow indices lie in the range 1.7 < αpow < 2.0, so their
peak energies are likely to lie close to the upper bound or above
it, i.e. Ep & 700 keV. Another 37% of the same sample have
αpow > 2 and their peak energies lie at Ep < 40 keV, as expected
for the X–Ray Flashes (XRFs; Heise et al. 2001; Barraud et al.
2003; Sakamoto et al. 2005, 2008b; Pelangeon et al. 2008).
4.3. Results of the cpl model
Similarly to the pow model case, the distribution of the power–
law index for the cpl model was derived selecting the GRBs
with an uncertainty on αcpl smaller than 0.5. 77% of the sam-
ple passed this criterion.
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Fig. 5. Top panel: αpow distribution for 55 GRBs with relative
uncertainties smaller than 0.3. Mid panel: αcpl distribution for
77 GRBs with relative uncertainties smaller than 0.5. Bottom
panel: alternatively to the cpl model, we show the −αband dis-
tribution for 31 GRBs for which the band function provides an
acceptable fit, although not significantly better than the cpl. The
vertical dotted and dashed lines show the cases α = 2/3 (syn-
chrotron death line) and α = 3/2 (cooling death line). In each
panel dashed distributions show the corresponding best-fitting
Gaussian functions.
The resulting distribution is fit with a Gaussian with mean
and standard deviation values of αcpl = 1.0 and σ(αcpl) = 0.28
(mid panel of Fig. 5).
Similar values were obtained from the observations of BAT
aboard Swift: αcpl = 1.12 ± 0.15 (Cabrera et al. 2007), HETE-
II: αcpl = 1.2 ± 0.5 (Barraud et al. 2003). There are no cases in
which the low–energy index is very soft (α ≥ 2).
In the past, spectral fitting of time–resolved BATSE spectra
of bright GRBs has yielded a significant number of cases with
low–energy photon indices α below 2/3. This result is incon-
sistent with the SSM and α = 2/3 has been referred to as its
“death line” (Preece et al. 1998, Papathanassiou 1999 and refer-
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Fig. 6. Peak energy distribution derived with the cpl model for
a sample of 106 GRBs with a relative uncertainty smaller than
40%. The dashed line shows the best-fitting normal distribution.
ences therein). Our results indicate that about 30% of them lie
below the synchrotron death line of α = 2/3 (vertical dotted
line in Fig. 5). On the other side of the distribution, no GRB lie
beyond the fast-cooling death line (Ghisellini et al. 2000) repre-
sented by the limit α < 3/2 (vertical dashed line).
Figure 6 shows the Ep distribution for the cpl model. Only
values with uncertainties smaller than 40% are displayed; they
represent 90% of the overall set of GRBs best fit with cpl. The
distribution can be fit with a log–normal with mean and stan-
dard deviation of log Ep = 2.38 ± 0.18 (corresponding to a
mode of Ep = 240 keV), fully consistent with the results ob-
tained over a sample of bright BATSE bursts by K06: they found
Ep = 251+122−68 keV using different fitting models.
Comparing the Ep distribution of our sample with the anal-
ogous of the BATSE GRBs fit only with the cpl model (Ep =
321+202
−105 keV), although formally consistent with one another,
suggests that the GRBM distribution is shifted towards lower
values: this is primarily explained by the BATSE sensitivity at
energies > 700 keV. The consequence of this selection effect is
that a number of bright GRBs detected with the GRBM and with
Ep & 700 keV are clearly missing in the observed Ep distribution
of Fig. 6, and belong to the GRBs that were fit with a power–law
with αpow < 2.
We do not observe a sizable fraction of GRBs with Ep <
100 keV because our sample collects the brightest end of the
GRBM fluence distribution: as a consequence, our sample is bi-
ased towards GRBs with high Ep values, because of its correla-
tion with the fluence (Fig. 10).
We analysed the possible relation (if any) between αcpl and
Ep for a sample of 70 GRBs with both measurements sufficiently
accurate by adopting the same thresholds mentioned above (0.5
on αcpl and 40% on Ep). Figure 7 shows this sample in the
αcpl–Ep plane. A statistical study of our data shows no clear ev-
idence for a correlation between these two quantities. In fact,
the Spearman rank–order correlation coefficient over the whole
sample turned out to be rs = −0.15 with an associated probabil-
ity of 21% of no correlation. However, for the low peak energy
subsample (log Ep/keV < 2.4) the probability drops to 0.6%
(rs = −0.49), suggesting that the softer the peak energy, the
softer the photon index. This type of correlation is expected be-
cause of the instrumental effect coming into play whenever Ep
lies close to the edge of the energy passband. When this is the
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Fig. 7. Low–energy photon index vs. peak energy as determined
with the cpl model on a sample of 70 GRBs with relatively ac-
curate measurements.
case, the low–energy photon index α as derived from the fitting
procedure may have not reached the asymptotic value, thus re-
sulting in a softer value (Preece et al. 1998; Lloyd & Petrosian
2000; Lloyd & Petrosian 2002; Amati et al. 2002). This is in-
deed what we observe in Fig. 7. That such a correlation seems
to become significant when considering only the GRBs with low
Ep values is a clear indication of its instrumental origin.
The number of GRBs whose α estimates are biased because
of this effect depends on how smoothly the spectrum reaches
its asymptotic value, in addition to the energy window of the
detector. The same problem also affects samples of GRB spec-
tra obtained with different detectors. To circumvent this issue, in
the case of BATSE GRBs Preece et al. (1998) defined the “effec-
tive low–energy photon index” as the tangential slope at 25 keV
(lower energy bound of BATSE detectors) of the spectrum in
logarithmic scale. However, also with this definition the prob-
lem still remains whenever 25 keV is not low enough to reach
the asymptote (Lloyd & Petrosian 2000). In our case, the im-
pact on the α distribution shown in Fig. 5 is such that a few
GRBs with 1.3 . αcpl . 1.5 are likely to suffer from this effect.
Different detectors with different energy windows should be also
affected differently. However, as we noted above, the analogous
distributions of other detectors, described by similar modes and
dispersions, suggest that the impact of this instrumental effect on
the observed α distribution is minimal.
4.4. Results of the band model
In none of the time–integrated spectra of our sample we found a
significant improvement when changing the fitting model from
cpl to band. Nevertheless, to explore how the choice of either
model may affect the result, in the bottom panel of Fig. 5 we
show the −αband distribution for 31 GRBs for which the band
function gave an acceptable result, although not significantly
better than the cpl. Clearly, the two distributions are fully com-
patible with each other. In Section 4.7 we explore in more details
the relation between the usage of the two models with our data.
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Fig. 8. High–energy photon index β distribution of the band
function for a sample of 17 GRBs.
4.4.1. High–energy index
For a subsample of 17 GRBs out of the 31 mentioned above,
it was also possible to constrain the high–energy photon index
β with absolute uncertainties smaller than 1. The distribution is
shown in Fig. 8. The small number of events for which this es-
timate was possible is explained by the relatively small upper
bound of the GRBM passband compared with that of BATSE.
However, we note that the resulting distribution is fully com-
patible with that derived on a more numerous BATSE sample
(K06).
4.5. Fluence distribution
To account for the uncertainties in the response matrix calibra-
tion, we added in quadrature 10% systematic to the statistical
fluence errors (F09). For each GRB we considered the fluence
yielded by the corresponding best-fitting model. For the analysis
we considered the mean value and symmetric error of the corre-
sponding logarithms. The distributions of the best-fitting param-
eters and of the fluence were derived by excluding the GRBs af-
fected by a relative uncertainty larger than 20% (after including
the systematics); 12% of the sample were rejected as a conse-
quence.
Figure 9 displays the cumulative fluence distribution (shaded
histogram) compared with the corresponding distribution for
795 GRBs of the GRBM catalogue by F09, whose values were
calculated through the 2-energy channel spectra (dashed his-
togram; see fig. 8 of F09). The solid line shows the power–law
distribution with index −3/2, predicted in the case of no lumi-
nosity function evolution with redshift and where the observed
GRBs are homogeneously distributed in the sampled volume of
an Euclidean space. The difference between the observed and
the predicted −3/2 power–law distributions had already been
found in the BATSE catalogue (Meegan et al. 1992) and con-
firmed with the GRBM data (F09).
4.6. Peak energy–fluence correlation
Figure 10 displays the observed peak energy Ep vs. fluence Φ
for a sample of 108 bright GRBs with well determined values.
The correlation is significant: the Spearman rank coefficient is
N
(>
Φ
)
Φ [erg cm-2]
 0.1
 1
 10
 100
 1000
10-7 10-6 10-5 10-4
Fig. 9. Cumulative fluence distribution for the subset of GRBs
with a relative error on fluence smaller than 20% (shaded his-
togram). The dashed histogram is the corresponding fluence dis-
tribution published by F09 for the entire GRBM catalogue of
GRBs, as derived from 2–channel spectra. The solid line shows
the power–law distribution with index −3/2 expected if GRBs
were homogeneously distributed in an Euclidean space through-
out the sampled volume.
rs = 0.48 with an associated chance probability of 1.4 × 10−7.
Given the apparent scatter, we performed a power–law fit adopt-
ing the D’Agostini method (e.g., Guidorzi et al. 2006) and found
the following best-fitting relation:
log
( Ep
keV
)
= (0.21 ± 0.06) log
(
Φ
erg cm−2
)
+ (3.4 ± 0.3) (3)
The extrinsic scatter, which combines and must not be confused
with the intrinsic scatter due to the uncertainties of the individual
points, is σlog Ep = 0.13±0.02. The slope of the correlation agrees
with previous values obtained on samples of BATSE GRBs (e.g.
Lloyd, Petrosian & Mallozzi 2000; Nava et al. 2008). The scat-
ter of each point in the Ep–Φ plane around the best-fit correlation
is the result of the two sources of scatter: the intrinsic, different
for each point and accounting for the uncertainties in the evalua-
tion process of both observables, and the extrinsic scatter, reflect-
ing a property of the correlation itself through some unknown
variables. The combination of the two scatter sources finally give
a normal distribution, as shown by the inset of Fig. 10: indeed the
normalised scatter ζi, defined by eq. (4) with i running over the
set of points, distributes according to a standardised Gaussian.
ζi =
yi − (m xi + q)√
σ2y,i + m
2 σ2
x,i + σ
2
y
(4)
where yi = log Ep,i, xi = logΦi, the i-th σ’s being the corre-
sponding (intrinsic) uncertainties and σy being the extrinsic one.
m and q are the best-fit slope and constant values reported in
eq. (3), respectively.
It is known that truncation effects connected with the finite-
ness of the detector energy window may affect the distribu-
tion of the fitting parameters and the corresponding correla-
tions. In particular, both Ep and fluence Φ suffer from them,
as proven for BATSE GRBs by Lloyd, Petrosian & Mallozzi
(2000), who investigated their impact in this respect. Our sam-
ple includes bright bursts, so truncation effects against low–
fluence GRBs or near the detector threshold can be neglected.
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Fig. 10. Correlation between Ep and the 40–700 keV fluence
for a sample of 108 bright GRBs with well determined values.
The dashed line shows the best-fitting power–law, with index
0.21± 0.06, while the dotted lines include the 1-σ region, where
σ = 0.13 is the extrinsic scatter. Inset: distribution of the nor-
malised scatter. The dashed line shows the standardised normal
distribution.
As discussed in Sect. 4.3, Ep is more likely to suffer from
biases against low and high values (Lloyd & Petrosian 1999).
Lloyd, Petrosian & Mallozzi (2000) tackled the issue of ac-
counting for data truncation effects in the correlation studies by
means of non–parametric techniques, which take into account
the limits imposed by the detector in the determination of each
parameter. Specifically for the Ep–Φ relation, they found simi-
lar results with these techniques and when considering the bright
subsample of BATSE bursts, less affected than the GRBs close to
the detector threshold. In both cases the value of the best-fitting
slope (0.29±0.03 and 0.28±0.04, respectively) is similar to that
found on our set. This suggests that the slope of the Ep–Φ corre-
lation for the bright end of the GRBs detected with the GRBM
is only marginally affected by this kind of truncation effects.
4.7. cpl vs. band
Although the band provided a significant improvement in the
spectrum fitting only for a very few cases of time–resolved spec-
tra (Sect. 3.4), we studied how the estimate of a given parameter
compares with that obtained with the other model. In this re-
spect, we considered both the low–energy photon index and the
peak energy for a set of GRBs that could be fit with either model.
4.7.1. Peak Energy
Figure 11 shows the comparison of Ep as determined with the cpl
and that derived with the band models for a sample of 63 GRBs
for which both models provided an acceptable result. While for
all GRBs they essentially provide consistent results within un-
certainties, a linear regression accounting for the uncertainties
of all the points along both axes shows that the cpl model tends
to slightly overestimate Ep by ∼ 20% on average with respect to
the band function. This is proven by the best-fit (dotted line in
Fig. 11) described by eq. (5).
log Ep,band = (1.012 ± 0.042) log Ep,cpl − (0.077 ± 0.102) (5)
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Fig. 11. Peak energy determined with the cpl vs. the same deter-
mined with the band function for a sample of 63 GRBs with both
measurements. The dashed and dotted lines show the equality
and the best-fitting power–law relations, respectively. In partic-
ular, according to the latter, the peak energy determined with the
cpl tends to be ∼ 20% larger than that of the band.
However, within the level of accuracy of our data, the two mod-
els provide equivalent estimates of Ep within uncertainties, as
shown by the best-fitting parameters in eq. (5), fully consistent
with equality.
4.7.2. Low–energy index
We selected a sample of GRBs with the low–energy photon in-
dex determined from the spectral fitting with both models and
required both uncertainties to be smaller than 0.5. In this way 21
GRBs were selected, shown in Figure 12. For the sake of clarity,
we consider −αband to be compared with αcpl. The two models
clearly provide consistent estimates for the low–energy photon
index, as shown by the equality line (dashed). Performing a lin-
ear fit between the two sets taking into account the uncertainties
along both axes, the result is described by eq. (6) and shown with
dotted line in Fig. 12.
− αband = (1.094 ± 0.152) αcpl − (0.145 ± 0.146) (6)
The slightly lower values of |αband| are not statistically signifi-
cant, so in our sample we may consider the two models equiva-
lent as for the low–energy photon index estimate.
4.8. GRBM vs. BATSE
In our sample there are 28 bursts observed also by BATSE whose
spectral fitting results were published by K06; they are marked
in Table 2.
For the sake of homogeneity, we considered the low–energy
photon index values of BATSE obtained from fitting instead of
the so–called effective values (Preece et al. 1998) estimated by
K06. As shown in Fig. 13, the values of α of the GRBM sample
look harder than BATSE, but this is not really significant and is
merely due to the larger uncertainties of the former. There are
a couple of cases with significantly different values for the two
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Fig. 12. Low–energy photon index determined with the cpl vs.
the same determined with the band function for a sample of 21
GRBs with both measurements. The dashed and dotted lines
show the equality and the best-fitting linear relations, respec-
tively.
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Fig. 13. BeppoSAX/GRBM versus BATSE: low-energy power–
law spectra as measured with band and cpl models. The dashed
line shows the equality line.
instruments: 970831 (4.2σ) and 971220 (4.4σ). We investigated
the possible reasons for this discrepancy. In the case of 970831
K06’s α is much softer than ours and this could be due to the
different time intervals used: K06’s spectrum missed the first ∼
20 s of the ≃ 150 s long burst. As for 971220, K06 integrated
from BATSE trigger out to 9.5 s, whereas the burst lasted at least
up to ∼ 15 s, missing the last part of the profile; the GRBM
spectrum could be fit with a single power–law with α = 1.3±0.2,
consistent with the BATSE Ep of ∼ 2 MeV. However, their α
estimate, taken from the cpl model, is reported to be α = 0.56 ±
0.05, i.e. much harder. Using the cpl by K06 might contribute to
give a different value for α from that of the pow obtained by us;
however this is due to the intrinsic curvature of the cpl.
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Fig. 14. BeppoSAX/GRBM versus BATSE: peak energy as mea-
sured with band and cpl models. The solid line shows the equal-
ity line. The dashed and dotted lines show the best-fitting relation
and the 1–σ region.
Figure 14 displays the values of the peak energy for the sam-
ple of 28 common GRBs as determined from the two data sets.
The points scatter around the equality line (solid): we quantified
such scatter applying the D’Agostini method by fixing the slope
of the relation to 1 and leaving the constant term as well as the
extrinsic scatter free to vary. The best-fitting result is shown by
the dashed line, whereas the dotted lines identify the 1–σ region
around the best fit. Equation (7) describes the best-fitting func-
tion:
log
(Ep,GRBM
keV
)
= m log
(Ep,BATSE
keV
)
+ q (7)
The best-fitting values are m = 1 (fixed), q = 0.03 ± 0.05,
σ(log Ep,GRBM) = 0.10+0.07−0.04. The origin of this scatter, corre-
sponding to ∼ 26%, which adds in quadrature to the uncertain-
ties of the individual points, must be searched in a combina-
tion of factors: i) the different integration time intervals, whose
choice is forced by the different spectral sampling of the light
curves of the two instruments; ii) the different energy passband;
iii) different geometry GRB direction–Earth–instrument aboard
the two spacecraft (with different albedo effects).
In practice, we note that an additional uncertainty of 26%
in the time-average peak energy Ep estimate does not affect ap-
preciably any correlation between Ep and other relevant observ-
ables, such as the Ep,i–Eiso relationship (Amati et al. 2002).
When we release the m = 1 constraint, we found a significant
shallower dependence of Ep,GRBM on Ep,BATSE, m = 0.61 ± 0.14,
not shown in Fig. 14. This is due to data truncation, as discussed
in Sect. 4.6, and is explained by the narrower passband of the
GRBM with respect to that of BATSE: the former tends to move
inside the 40–700 keV range those values of Ep whose BATSE
measurements, thanks to its broader energy range especially at
high energies, are likely to be less biased by the finite energy
range.
Even for Ep there are a few GRBs with significantly differ-
ent values: 970616 (5.0σ), 971029 (4.8σ) and 990718 (3.8σ).
The case of 970616 is peculiar, since it occurred when the
BeppoSAX spacecraft was temporarily unstable due to the
loss of gyroscopes in May–June 1997. As a consequence, the
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Fig. 15. Low–energy photon index as a function of time ex-
pressed in units of T90 for a subset of GRBs sampled by multi-
ple spectral intervals. Filled circles, empty squares and triangles
correspond to the spectra A, B and C, respectively. Each arrow
tracks the evolution of a given GRB.
BeppoSAX local direction of this BATSE burst is not known
and, even worse, throughout the duration of the burst (lasted
about 80 s) the pointing was not constant. All this might have
determined the discrepancy in the measurement of Ep, which
is enhanced by the smallness of the uncertainties provided by
K06: Ep,BATSE = (102 ± 2) keV to be compared with our
Ep,GRBM = (137±8) keV. The last case is that of 990718: clearly,
the peak energy estimate by K06, Ep,BATSE = (498 ± 53) keV is
much higher than ours, Ep,GRBM = 232+45−34 keV. We are confident
that our results are more reliable. Indeed, while the GRBM spec-
trum covers the entire time profile, so does not that of K06: they
missed the first and the last ∼ 40 s of the overall profile. Missing
the final soft tail of the light curve biased the Ep estimate towards
harder values.
4.9. Time resolved spectra
We selected the GRBs whose time profiles have been sampled
by multiple 128-s time intervals with spectral coverage. In par-
ticular we focused on the most common cases, i.e. when the total
light curves split into two parts, called “A” and “B” (Fig. 1). We
excluded those events whose total fluence has been split more
inhomogeneously than 20%–80%. We ended up with a sample
of 10 GRBs with reasonably well determined parameters with
the cpl model. We added the case of 971110, which happened
to be covered by three intervals that collected comparable flu-
ences and with well determined parameters. Finally, we exam-
ined three very long GRBs that have been sampled by several
(> 3) intervals and for which it was possible to extract at least
three meaningful spectra each (Sect. 4.9.1).
Figures 15 and 16 show the temporal evolution of the low–
energy photon index and of the peak energy, respectively, as a
function of time. To account for the different durations of the
GRBs in the subsample, time is conveniently expressed in units
of T90 as measured by F09. The time assigned to each inter-
val was calculated as the weighted-average over the 128 1–s
bins, where the counts per bin in the light curve were used as
the weights: for each interval this procedure identifies the time
at which most of corresponding photons are observed. Filled
circles and empty squares correspond to spectra “A” and “B”,
respectively. Dashed arrows connect points of the same GRB.
The case of 971110 is highlighted with dark arrows. As can be
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Fig. 16. Peak energy as a function of time expressed in units of
T90. Same as Fig. 15.
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Fig. 17. Top panel: 40–700 keV time profile of 971208B. Bottom
panel: peak energy evolution. Shaded area identify the different
128-s intervals over which an average spectrum was acquired.
seen, no global behaviour stands out. While Figure 15 suggests
a marginal hard-to-soft evolution of the photon index, the peak
energy (Fig. 16) shows all the possible cases compatibly with
no standard evolution, in agreement with early observations of
GRBs from past experiments (e.g., Kargatis et al. 1994; K06).
The variety of the peak energy evolution throughout the time
profile of a GRB is known to undergo a range of different be-
haviours: either tracking of the light curve or a steady hard–to–
soft evolution are observed (e.g. see Peng et al. 2009a and refer-
ences therein). It must be pointed out that these results are de-
rived from a sample of bright GRBs and including fainter events
could change the average evolution of the spectral parameters.
4.9.1. Very long GRBs
We examined three of the longest GRBs of our set, that hap-
pened to be sampled by several time intervals. For these GRBs
we provide a more detailed analysis of how Ep evolves with
time compared with the time profile. Figures 17, 18 and 19
show 971208B, 001213 and 010324, respectively: each top panel
shows the 40–700 keV time profile with the typical error bar
shown in the upper left corner, while the bottom panel shows the
peak energy of the corresponding time intervals as a function of
time. These GRBs confirm the variety of Ep evolution compared
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Fig. 18. GRB 001213. Same plot as Fig. 17.
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Fig. 19. GRB 010324. Same plot as Fig. 17.
with the light curves: in the case of 971208B Ep steadily de-
clined with time even during the rise of the single, long-lasting
pulse. By contrast, in the other cases it remains roughly constant
throughout different emitting episodes, followed by a final drop
at the end of the prompt light curve.
Thanks to its very long duration, the case of 9701208B offers
the opportunity to study the relation between the average flux
and Ep in each interval. The result is shown in Fig. 20; the dashed
line shows the best-fitting power–law relation, as parametrised
by eq. (8):
log
( Ep
keV
)
= m log
( Flux
erg cm−2 s−1
)
+ q (8)
The best-fitting parameters computed over the four intervals
with measured Ep, from “B” to “E”, are m = 0.32 ± 0.15 and
q = 4.36 ± 1.00. Only spectrum “A” taken during the rise of the
pulse is not compatible with the power–law model and this was
already observed in other bursts with a broader energy coverage
down to X–rays for a sample of bursts detected with both the
Wield Field Cameras (WFC) and the GRBM aboard BeppoSAX
(Frontera et al. 2010; Frontera et al. in prep.). This burst is also
interesting because it belongs to the FRED (fast rise exponen-
tial decay) class, a family of bursts with a single pulse which are
thought to be the building blocks of more complex time profiles
(e.g. Norris et al. 1996). Similar results in the Ep evolution of
FRED GRBs are discussed by Peng et al. (2009b).
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Fig. 20. Peak energy vs. average flux for 971208B. The dashed
line is the best-fitting power–law with a slope of 0.32 ± 0.15.
Labelled spectra are the same as Fig. 17.
5. Discussion and Conclusions
We have analysed the spectral properties of the 185 brightest
BeppoSAX/GRBM GRBs, using three different spectral models.
The sample includes bright GRBs with a threshold on fluence of
Φ > 4.4 × 10−6 erg cm−2 in the 40–700 keV band; as a conse-
quence, no short duration GRB was selected. The GRBM data
used consist of 240–energy channel spectra in the 40–700 keV
range continuously integrated over 128 s independently of the
onboard trigger logic. For this reason, the analysis mainly con-
cerned the time–integrated spectra of the GRBs; for a number
of them, especially the very long ones, it was possible to carry
out the spectral analysis for a few contiguous time intervals sep-
arately; these cases are referred to as time–resolved spectra.
About 35% of the sample are best fit with a power–law
model (pow); the median value of the index is very close to 2.
The analogous fraction for the Fermi/GBM, the brightest BATSE
and the Swift known–z GRBs samples is 30%, 21% and 38%, re-
spectively (Nava et al. 2010). The power–law index distribution
is centred on αpow = 1.86 ± 0.32 and agrees with other experi-
ments (Sakamoto et al. 2008a; Vianello et al. 2009). GRBs with
αpow > 2 (αpow < 2) have a peak energy either close to or be-
low (above) the GRBM lower (upper) bound, so Ep . 40 keV
(Ep & 700 keV).
The typical long and bright GRBs are well fit with either a
cut–off power–law (cpl) or with a band function; with the GRBM
data in none of the cases considered the latter model provided
a significant improvement with respect to the former. We also
proved that within the accuracy limits of these data, the two mod-
els provide consistent estimates for both the low–energy photon
index α and the peak energy Ep, although the cpl model tends to
overestimate Ep with respect to the band function.
For a sample of 28 GRBs commonly detected by both
GRBM and BATSE and for which K06 provided the results of
the time-average spectral fitting, we carried out a comparative
analysis to establish possible discrepancies and to evaluate the
effects of measuring the same quantities with two different in-
struments. The two sets of α and Ep substantially agree with
one another, except for a very few cases which we investigated
and for which the main source of discrepancy must be searched
in the different time coverage. A strong spectral evolution, ob-
served for several GRBs, can explain why different time inter-
vals may yield significantly different results in the spectral pa-
rameters. Specifically to Ep, we modelled all these sources of
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discrepancy in terms of an additional scatter of about 26% be-
tween the GRBM and BATSE Ep estimates. In practice, this
has little impact on the known correlations (Amati et al. 2002;
Ghirlanda et al. 2004) in which Ep is a key observable.
The observed distribution of Ep peaks around 240 keV with
a dispersion of 0.2 dex, very similar to that of bright BATSE
bursts (K06; Nava et al. 2010). Its narrowness is explained by
the finite passband of the GRBM as well as of the analogous
experiments. That these selection effects connected with data
truncation affect the distribution, as discussed in Sect. 4.3, is
directly proven by analogous studies carried out over broader
energy ranges. Indeed, in the X–ray domain (Frontera et al.
2000; Barraud et al. 2003; Amati 2006; Pelangeon et al. 2008;
Sakamoto et al. 2008b) the number of X-ray rich GRBs and
XRFs increases remarkably: as a result, the Ep distribution
forms a continuum over a correspondingly broad energy band
(Sakamoto et al. 2008b). Moreover, the selected sample is not
representative of the entire population but only of the brightest
end. A number of the GRBs included in our sample and best fit
with a soft photon index are likely to have Ep between the XRFs
and the hardest GRBs.
The α distribution has its mode around 1 with a dispersion
of 0.32 (Fig. 5) very similar to the dispersion of 0.25 found for
both low– and high–energy indices by K06 on a sample of bright
BATSE GRBs. In this respect our results are in agreement with
catalogues properties of other experiments (Preece et al. 2000;
Ghirlanda et al. 2002; K06; Sakamoto et al. 2008a; Nava et al.
2010). For the GRBs with Ep < 100 ÷ 150 keV, α is poorly con-
strained and is slightly biased towards soft values (Fig. 7). As
discussed in Sect. 4.3, this is due to an instrumental effect which
limits the capability of correctly measuring the low–energy pho-
ton index when Ep lies close to the lower energy bound. For
such GRBs, the spectrum cannot reach the asymptotic slope at
the lower bound, so the value provided by the fitting procedure
turns out to be softer than the asymptotic one (Lloyd & Petrosian
2000; Amati et al. 2002). How close the observed slope can be
with respect to its asymptote depends on the spectrum itself
and on its physical origin. For instance, assuming the validity
of the synchrotron shock model, Lloyd & Petrosian (2000) stud-
ied how the smoothness of the cutoff in the electron energy dis-
tribution and the distribution of the pitch angle determine how
quickly the asymptotic value of α is reached within a given en-
ergy passband.
As also noted by K06, the α distribution does not exhibit
any clustering around characteristic values expected from var-
ious models: 2/3 for synchrotron with no cooling (Katz 1994;
Cohen et al. 1997; Tavani 1996), 0 for jitter radiation expected
in the case of synchrotron radiation in highly non–uniform
short–scale magnetic fields (Medvedev 2000) and 3/2 for fast
cooling synchrotron (Ghisellini et al. 2000).
About 30% of GRBs whose time–average spectrum is best
fit with a cpl, lie below the synchrotron death line of α = 2/3
(vertical dotted line in Fig. 5). This fraction is comparable to
that found in BATSE GRB samples (Preece et al. 1998). On the
other side of the distribution, the fast-cooling death line repre-
sented by the limit α < 3/2 (vertical dashed line) is satisfied by
all GRBs. However, the synchrotron process has several prob-
lems: the observed distribution around 1 is remarkably harder
than 3/2 expected for a population of cooling electrons in the
fast regime. Ghisellini et al. (2000) considered several options
to overcome this discrepancy (particle re–acceleration, devia-
tions from equipartition, quickly varying magnetic fields, adi-
abatic losses) concluding that the prompt spectrum could not
be the result of ultrarelativistic electrons emitting synchrotron
and inverse Compton radiation. Alternatively, Lloyd & Petrosian
(2000) found that spectra below the synchrotron death line are
still possibly produced via synchrotron, provided that one as-
sumes small pitch angles for the emitting electrons. Other pos-
sible explanations include synchrotron self–absorption in the X-
ray (Granot et al. 2000), the presence of a photospheric com-
ponent and pair formation (Meszaros & Rees 2000; Ioka et al.
2007), synchrotron self–Compton upscattered to X-rays from
optical (Panaitescu & Meszaros 2000), time dependent accel-
eration and radiation (Lloyd & Petrosian 2002), the decay of
magnetic fields (Pe’er & Zhang 2006), the Klein–Nishina effect
on synchrotron self-Compton process (Derishev et al. 2001), or
continuous electrons acceleration as a consequence of plasma
turbulence in the post–shock region (Asano & Teresawa 2009).
We have confirmed the correlation between the observed
peak energy Ep and the 40–700 keV fluence Φ with a null hy-
pothesis probability of 1.4×10−7. The slope of 0.21±0.06 agrees
with previous values obtained on samples of BATSE GRBs:
0.28 ± 0.04 (Lloyd, Petrosian & Mallozzi 2000), 0.16 ± 0.02
(Nava et al. 2008). The extrinsic scatter is σlog Ep = 0.13 ± 0.02(Fig. 10). The observed slope is likely to be only barely af-
fected by data truncation and selection effects: in the literature,
the same problem, affecting analogous samples from other ex-
periments like BATSE, was circumvented by means of non–
parametric techniques that had been set up to correct for data
truncation. Furthermore, this was also done through the analysis
of subsamples of brighter GRBs, less affected by selection ef-
fects due to the detector threshold, as is also the case of our sam-
ple. Results on the Ep–Φ correlation based on a proper treatment
of these effects provided similar results on the correlation slope
(see Lloyd, Petrosian & Mallozzi 2000 and references therein).
That the slope is shallower than ∼ 0.5, slope of the intrinsic
Ep,i–Eiso relation (Amati et al. 2002), is explained by a combi-
nation of different factors: i) in the observer frame, observables
are not redshift–corrected. Due to the selection effects on Eiso
with redshift (both observational and evolutionary), the farthest
GRBs have the largest Eiso: this makes the Ep–Φ relation flat-
ter than the intrinsic one. ii) The difficulty of detecting GRBs
with Ep values either close to or below the lower bound of the
GRBM passband of 40 keV, as suggested by Nava et al. (2008)
in the case of BATSE, is an instrumental effect which limits the
dynamical range, thus leading to a flatter slope. This seems to be
confirmed by the results of Sakamoto et al. (2008b) who found a
slope of 0.52 ± 0.11 for an extended sample of BATSE, HETE–
II and Swift GRBs, much more sensitive to lower Ep than the
GRBM alone. Although the extrinsic scatter found for the Ep–Φ
relation is smaller than that of the intrinsic relation (∼ 0.2), this
must be compared with the dynamical range along Ep: moving
from the observer to the intrinsic plane, the ratio between scatter
and range along Ep significantly decreases, and the correlation
becomes more significant (Amati et al. 2009).
In addition to the α distribution problem suffered by the syn-
chrotron, the dependence of Ep on the prompt emission radius r
is strong: assuming a fixed magnetic field fraction ǫB of the cen-
tral luminosity L, it is ǫB L ≃ Γ2 B2 r2 c (Γ is the bulk Lorentz
factor of the baryonic outflow and B the magnetic field). If par-
ticles are accelerated at the shocks to random Lorentz factor γ,
then Ep is expected to be:
Ep = ~ Γ γ2
e B
me c
=
e ~
c3/2 me
γ2
r
√
ǫB L ≃ 100 r−114 L
1/2
52 keV(9)
where we adopted the notation Q = Qn × 10n for a generic
quantity Q and assumed γ ∼ mp/me. Equation (9) naturally
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explains the Ep,i–L relation, i.e. the time-resolved version of
the Ep,i–Eiso relation (Amati et al. 2002). However, relating r
to the minimum observed variability timescale, r ∼ c tv Γ2, im-
plies the dependence of Ep on Γ, thus making the interpreta-
tion of the Ep,i–Liso relation through eq. (9) troublesome. The
resultant dependence of Ep on tv is not observationally estab-
lished (Lyutikov 2010). Recently, high-energy observations with
Fermi of prompt-GeV correlated photons of GRB 080916C
(Abdo et al. 2009a) would imply r ∼ 1016 cm (based on the con-
straints derived from the observations of GeV photons and min-
imum variability timescale in the light curve prompt), while the
observed Ep of ∼ 500 keV (Golenetskii et al. 2008) with time–
resolved peaks up to a few MeV (Abdo et al. 2009a) is much
larger than what expected from eq. (9). The same arguments
hold for other high–energy GRBs detected with Fermi, such
as GRB 090217A (Ackermann et al. 2010) and GRB 090902B
(Abdo et al. 2009b).
Overall, the synchrotron shock model cannot account
for the entire observed phenomenology of the GRB prompt
emission (Kumar et al. 2007; Kumar & McMahon 2008;
Kumar & Narayan 2009). Alternatively to the fireball model,
in which most of the energy is initially bulk kinetic energy
of a relativistic outflow turning into radiation through shocks,
electromagnetic models have also been proposed in which
the bulk energy is carried by magnetic fields and particle
acceleration occurs through magnetic dissipation instead of
shocks (Lyutikov 2006 and references therein).
More generally, the magnetic energy content of the ejecta
can be explored effectively through early polarisation mea-
surements, when most of the radiation comes from the ejecta
themselves rather than the shocked interstellar medium as ob-
served in the afterglow. At optical wavelengths this is thought
to be the case whenever a reverse shock, which propagates
through the ejecta, dominates the observed radiation during
the γ–ray prompt emission or immediately afterwards (e.g.,
Zhang & Kobayashi 2005). This kind of measurements can dis-
criminate between the possible different origins of the magnetic
field: either a large–scale magnetic field originating at the central
engine and carried forward by the ejecta, or a magnetic field gen-
erated in situ through the shocks. Although this kind of measure-
ments is still in its infancy and more data are required to draw
firm conclusions, early results on two recent bursts support the
large–scale magnetic field scenario within ejecta with compara-
ble magnetic and kinetic energy contents (Mundell et al. 2007;
Steele et al. 2009).
Finally, for the longest GRBs it was possible to perform a
time–resolved analysis with temporal resolution bound to 128 s.
We confirmed the absence of a general evolution of the spec-
tral parameters, especially Ep, throughout the GRB time profile:
either a monotonic decline irrespective of the light curve or no
remarkable evolution at all. In the case of 971208B, an almost
103–s long FRED, we tracked the spectral evolution in the Ep–
flux observer plane, finding it consistent with the Ep,i–L rela-
tion (Yonetoku et al. 2004; Ghirlanda et al. 2005), except for the
spectrum of the pulse rise, clearly incompatible with it (Fig. 20).
This behaviour appears to be naturally explained in the context
of synchrotron emission (eq. 9), although the issues mentioned
above must be also considered. Tracking the peak energy evolu-
tion over a broader energy band down to X–rays will be crucial
to better test the validity limits of this relation across individual
GRBs as well as samples of GRBs and, consequently, to gain
insight on the nature of the dominant emission process during
the GRB itself. The importance of a broad band coverage is al-
ready shown by the time–resolved combined spectral study with
WFC and GRBM aboard BeppoSAX on a sample of GRBs de-
tected with both instruments (Frontera et al. 2010; Frontera et
al. in prep.) as well as by the broadband spectral analysis of
X–ray flares detected with Swift (Margutti et al. 2010). These
capabilities will be of key importance with future missions like
SVOM (Dong et al. 2010) and MIRAX (Braga & Mejı´a 2006;
Braga et al. 2010).
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Table 1. Log of the 128-s energy spectra of the brightest GRBM bursts. The SOD is measured in seconds of day of the on-ground trigger time
(F09). The ID is a letter assigned to each spectrum of a given GRB.
# GRB SOD ID Packet t(a)start t
(a)
stop T90 units
- - (s) - # (s) (s) (s) -
1 960703 49374 A 29 -96.6 31.4 71 1 4 -
1 960703 49374 B 30 31.4 159.4 71 1 4 -
2 960707B 59186 A 2 -17.3 110.7 90 3 - -
3 960723A 17163 A 10 -55.2 72.7 54 2 - -
4 960805B 78957 A 14 -120.3 7.7 14 1 3 -
4 960805B 78957 B 15 7.7 135.7 14 1 3 -
5 960806 80916 A 8 -126.3 1.7 93 2 3 -
5 960806 80916 B 9 1.7 129.7 93 2 3 -
6 960825 01383 A 22 -62.1 65.9 114 2 1 -
6 960825 01383 B 23 65.9 193.9 114 2 1 -
7 960912 50248 A 6 -112.8 15.2 16 1 2 -
7 960912 50248 B 7 15.2 143.2 16 1 2 -
8 960917 80553 A 34 -118.4 9.5 18 1 4 -
8 960917 80553 B 35 9.5 137.5 18 1 4 -
9 960921 54229 A 10 -50.2 77.8 37 1 4 -
10 961022 68465 A 119 -87.1 40.9 27 1 - -
11 961208A 19457 A 18 -72.0 55.9 125 2 - -
11 961208A 19457 B 19 55.9 183.9 125 2 - -
12 961228 01798 A 12 -107.6 20.3 59 1 2 -
12 961228 01798 B 13 20.3 148.3 59 1 2 -
13 970111 35040 A 34 -67.2 60.8 31 3 - -
14 970116(b) 42081 - - - - - - - -
15 970117B 53211 A 11 -108.3 19.7 13 1 2 -
15 970117B 53211 B 12 19.7 147.7 13 1 2 -
16 970122 42085 A 6 -16.7 111.2 49 2 - -
17 970203 05516 A 19 -6.0 122.0 72 1 - -
18 970228 10681 A 32 -38.8 89.2 56 1 - -
19 970307 70146 A 38 -61.1 67.0 21 2 4 -
20 970313 35158 A 36 -23.2 104.8 18 4 - -
21 970315A 56455 A 3 -48.3 79.7 15 2 3 -
22 970315B(b) 79759 - - - - - - - -
23 970402 80316 A 35 -35.8 92.2 105 1 - -
23 970402 80316 B 36 92.2 220.2 105 1 - -
24 970420 72843 A 6 -114.3 13.7 9 1 4 -
25 970429 41784 A 37 -86.6 41.4 34 1 2 -
26 970509 48236 A 8 -37.8 90.1 55 3 4 -
27 970517B 32683 A 7 -43.1 84.9 5 2 3 -
28 970601(b) 69554 - - - - - - - -
29 970603 35348 A 204 -110.6 17.4 45 2 3 -
29 970603 35348 B 205 17.4 145.4 45 2 3 -
30 970612B(b) 52106 - - - - - - - -
31 970616 65439 A 21 -148.0 -20.0 64 1 - -
31 970616 65439 B 22 -20.0 108.0 64 1 - -
32 970624A 20705 A 208 -4.1 123.8 154 1 4 -
32 970624A 20705 B 209 123.8 251.8 154 1 4 -
33 970624B 23406 A 222 -121.1 6.8 12 1 - -
33 970624B 23406 B 223 6.8 134.8 12 1 - -
34 970625B 43986 A 296 -49.2 78.7 15 1 4 -
35 970627A(b) 25984 - - - - - - - -
36 970627B(b) 79610 - - - - - - - -
37 970704(b) 4097 - - - - - - - -
38 970706 77997 A 162 -13.6 114.4 59 1 - -
39 970715 51671 A 12 -63.8 64.2 31 4 - -
40 970815(b) 43625 - - - - - - - -
41 970816 08265 A 19 -20.7 107.3 6 1 2 -
42 970827B 35754 A 4 -93.1 34.9 78 2 3 -
42 970827B 35754 B 5 34.9 162.9 78 2 3 -
43 970831 63581 A 16 -132.1 -4.1 152 1 2 -
43 970831 63581 B 17 -4.1 123.9 152 1 2 -
44 970919B 65664 A 22 -30.8 97.3 33 2 3 -
45 970922A 02897 A 7 -50.8 77.2 32 2 3 -
46 971019 53753 A 32 -32.5 95.4 20 2 4 -
47 971022A 43038 A 36 -38.7 89.4 97 3 4 -
47 971022A 43038 B 37 89.4 217.4 97 3 4 -
48 971027A 09810 A 2 -117.8 10.2 11 1 2 -
48 971027A 09810 B 3 10.2 138.2 11 1 2 -
49 971029 05326 A 10 -15.9 112.1 92 3 4 -
50 971110 67990 A 27 -66.2 61.8 194 1 2 -
50 971110 67990 B 28 61.8 189.8 194 1 2 -
50 971110 67990 C 29 189.8 317.8 194 1 2 -
51 971114 44464 A 25 -31.4 96.6 98 3 4 -
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Table 1. continued.
# GRB SOD ID Packet t(a)start t
(a)
stop T90 units
- - (s) - # (s) (s) (s) -
51 971114 44464 B 26 96.6 224.7 98 3 4 -
52 971122 77381 A 17 -63.5 64.5 63 1 - -
53 971127 00282 A 28 -96.7 31.3 23 1 2 -
54 971206B 69648 A 10 -119.0 9.0 42 1 - -
54 971206B 69648 B 11 9.0 137.0 42 1 - -
55 971208A 17232 A 31 -51.9 76.1 13 3 4 -
56 971208B 28116 A 19 -128.0 -0.0 456 3 - -
56 971208B 28116 B 20 -0.0 128.0 456 3 - -
56 971208B 28116 C 21 128.0 256.0 456 3 - -
56 971208B 28116 D 22 256.0 384.0 456 3 - -
56 971208B 28116 E 23 384.0 512.0 456 3 - -
56 971208B 28116 F 24 512.0 640.0 456 3 - -
56 971208B 28116 G 25 640.0 768.0 456 3 - -
57 971214B 84042 A 2 -90.5 37.5 30 1 - -
58 971220 14794 A 26 -19.2 108.9 12 1 3 4
59 971223C 38181 A 4 -118.9 9.1 47 2 3 -
59 971223C 38181 B 5 9.1 137.1 47 2 3 -
60 980105 02682 A 28 -37.1 90.9 37 1 - -
61 980124A 23676 A 39 -90.0 38.0 40 3 - -
62 980127 03532 A 8 -79.1 48.9 31 3 - -
63 980203B 82028 A 30 -47.2 80.7 23 2 3 -
64 980208B(b) 46260 - - - - - - - -
65 980306B 34382 A 4 -36.1 91.9 - 2 3 -
65 980306B 34382 B 5 91.9 219.9 - 2 3 -
65 980306B 34382 C 6 219.9 347.9 - 2 3 -
66 980306C 63251 A 35 -10.1 117.9 21 2 3 -
67 980315B 26693 A 12 -70.5 57.6 105 1 - -
68 980321 21975 A 8 -40.1 88 166 1 2
68 980321 21975 B 9 88.0 216 166 1 2
69 980329A 13466 A 15 -91.6 36.4 19 3 - -
70 980403(d) 83752 - - - - - - - -
71 980420 36412 A 24 -10.1 118.0 20 3 - -
72 980428 72608 A 5 -61.5 66.5 100 3 - -
72 980428 72608 B 6 66.5 194.5 100 3 - -
73 980516 41017 A 1 -45.2 82.8 16 1 2 -
74 980519A 13412 A 15 -15.7 112.3 33 1 2 -
75 980519B 44422 A 17 -110.7 17.3 28 3 - -
75 980519B 44422 B 18 17.3 145.3 28 3 - -
76 980615B 36736 A 28 -111.6 16.4 64 2 - -
76 980615B 36736 B 29 16.5 144.5 64 2 - -
77 980617 10312 A 10 -198.6 -70.6 186 2 4 -
77 980617 10312 B 11 -70.6 57.4 186 2 4 -
77 980617 10312 C 12 57.4 185.4 186 2 4 -
78 980624(b) 58073 - - - - - - - -
79 980706B 57587 A 39 -32.3 95.7 71 2 3 -
80 980706D 78038 A 4 -2.3 125.7 146 1 4 -
80 980706D 78038 B 5 125.7 253.7 146 1 4 -
81 980709B 20407 A 27 -83.3 44.7 - 3 4 -
81 980709B 20407 B 27 44.7 172.6 - 3 4 -
82 980726(b) 60288 - - - - - - - -
83 980728 31715 A 18 -127.9 0.1 52 2 3 -
83 980728 31715 B 19 0.1 128.1 52 2 3 -
84 980805(e) 49017 - - - - - - - -
85 980808 28241 A 10 -114.3 13.7 140 2 - -
85 980808 28241 B 10 13.7 141.7 140 2 - -
86 980810B 66934 A 18 -63.4 64.6 - 3 - -
87 980827C 72625 A 17 -47.9 80.1 51 1 2 3
87 980827C 72625 B 18 80.1 208.1 51 1 2 3
88 981002 05466 A 30 -90.9 37.2 34 1 2 -
88 981002 05466 B 31 37.2 165.2 34 1 2 -
89 981018 01641 A 2 -69.3 58.7 115 3 - -
89 981018 01641 B 1 58.7 186.7 115 3 - -
90 981107(b) 779 - - - - - - - -
91 981111 41371 A 22 -28.1 99.9 34 2 3 -
92 981125A 30383 A 2 -32.4 95.5 79 2 3 -
93 981125B 75981 A 18 -46.5 81.4 44 3 - -
94 981203A 03559 A 15 -124.7 3.3 142 3 4 -
94 981203A 03559 B 16 3.3 131.3 142 3 4 -
94 981203A 03559 C 17 131.3 259.3 142 3 4 -
95 981203B 26281 A 1 -107.8 20.2 65 1 2 -
95 981203B 26281 B 2 20.2 148.2 65 1 2 -
96 990117B 84976 A 24 -103.1 24.8 14 1 - -
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Table 1. continued.
# GRB SOD ID Packet t(a)start t
(a)
stop T90 units
- - (s) - # (s) (s) (s) -
96 990117B 84976 B 25 24.8 152.8 14 1 - -
97 990118A 11562 A 30 -6.1 121.9 84 1 3 -
98 990123A 35230 A 9 -104.3 23.7 61 1 - -
98 990123A 35230 B 10 23.7 151.6 61 1 - -
99 990128 37252 A 15 -106.4 21.6 8 2 3 -
100 990131 70002 A 8 -128.5 -0.5 70 1 2 -
100 990131 70002 B 9 -0.5 127.5 70 1 2 -
101 990226 30888 A 7 -7.3 120.7 18 1 - -
102 990403A 08560 A 10 -34.5 93.6 83 1 2 -
103 990506A 41011 A 6 -70.5 57.6 129 3 4 -
103 990506A 41011 B 7 57.6 185.6 129 3 4 -
104 990510 31749 A 34 -67.6 60.4 57 3 - -
104 990510 31749 B 35 60.4 188.4 57 3 - -
105 990518B 62305 A 16 -25.8 102.1 32 1 - -
105 990518B 62305 B 17 102.1 230.1 32 1 - -
106 990521 83570 A 35 -24.0 104.0 33 3 4 -
107 990610 03784 A 10 -32.6 95.5 34 2 3 -
108 990620 81972 A 27 -45.6 82.4 16 2 3 -
109 990705 57685 A 8 -44.1 83.9 32 3 - -
110 990712A 27919 A 10 -98.3 29.7 38 2 - -
110 990712A 27919 B 11 29.7 157.7 38 2 - -
111 990712B 60182 A 17 -19.4 108.6 19 3 - -
112 990718 43613 A 28 -126.5 1.5 126 2 4 -
112 990718 43613 B 29 1.5 129.5 126 2 4 -
113 990720B 30591 A 21 -41.5 86.5 93 1 - -
114 990726 10773 A 3 -97.8 30.2 111 3 - -
114 990726 10773 B 4 30.2 158.3 111 3 - -
115 990907 63311 A 29 -74.0 54.0 145 3 - -
115 990907 63311 B 30 -54.0 182.0 145 3 - -
116 990913A 24716 A 11 -34.1 93.9 40 2 3 -
117 991104 61628 A 15 -71.8 56.2 32 1 4 -
118 991108 24365 A 10 -59.9 68.1 45 3 - -
119 991116 52265 A 32 -42.2 85.8 185 3 - -
119 991116 52265 B 33 85.8 213.9 185 3 - -
119 991116 52265 C 34 213.9 341.9 185 3 - -
120 991120 20810 A 26 -46.1 81.8 20 1 4 -
121 991122A 00386 A 11 -60.2 67.8 43 1 3 -
122 991124B 34270 A 33 -3.3 124.7 28 1 3 4
123 991205C 82661 A 22 -1.6 126.4 103 3 - -
124 991216B 58037 A 19 -97.0 31.0 15 4 - -
125 991221(c) 38196 - - - - 23 1 2 -
126 991226A 54005 A 28 -114.3 13.7 18 3 - -
126 991226A 54005 B 29 13.7 141.7 18 3 - -
127 000104A 05324 A 40 -129.6 -1.5 55 1 - -
127 000104A 05324 B 41 -1.5 126.5 55 1 - -
128 000107C 78273 A 32 -35.6 92.4 38 2 - -
129 000109 37644 A 3 -16.7 111.3 142 2 4 -
129 000109 37644 B 4 111.3 239.3 142 2 4 -
130 000110 16725 A 32 -23.8 104.3 3 3 - -
131 000115 53372 A 30 -77.9 50.1 15 1 4 -
132 000119B 47373 A 32 -40.0 88.0 31 1 - -
133 000210 31445 A 5 -92.7 35.3 9 1 - -
134 000214A 03660 A 32 -27.8 100.2 8 1 - -
135 000218A 57670 A 20 -68.0 60.1 252 3 4 -
135 000218A 57670 B 21 60.1 188.1 252 3 4 -
135 000218A 57670 C 22 188.1 316.0 252 3 4 -
136 000218B 58745 A 28 -118.9 9.1 20 2 3 -
136 000218B 58745 B 29 9.1 137.1 20 2 3 -
137 000226 46268 A 30 -98.2 29.8 84 2 3 -
137 000226 46268 B 31 29.8 157.8 84 2 3 -
138 000227 77762 A 35 -109.3 18.7 102 2 4 -
138 000227 77762 B 36 18.7 146.7 102 2 4 -
139 000301C 45665 A 27 -141.3 -13.3 87 1 4 -
139 000301C 45665 B 28 -13.3 114.6 87 1 4 -
140 000312 19435 A 20 -124.5 3.5 24 1 2 -
140 000312 19435 B 21 3.5 131.5 24 1 2 -
141 000323 32526 A 33 -54.8 73.2 46 3 4 -
142 000327 81477 A 34 -110.1 18.0 87 2 3 -
142 000327 81477 B 35 18.0 146.0 87 2 3 -
143 000328 05709 A 20 -193.0 -65.0 116 1 2 -
143 000328 05709 B 21 -65.0 63.0 116 1 2 -
143 000328 05709 C 22 63.0 191.0 116 1 2 -
144 000419 07969 A 12 -90.7 37.3 20 2 3 -
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Table 1. continued.
# GRB SOD ID Packet t(a)start t
(a)
stop T90 units
- - (s) - # (s) (s) (s) -
145 000420B 51731 A 2 -8.7 119.3 31 1 3 -
146 000421 44614 A 13 -100.7 27.3 44 3 4 -
146 000421 44614 B 14 27.3 155.2 44 3 4 -
147 000429 36442 A 8 -13.0 115.0 163 2 3 -
147 000429 36442 B 9 115.0 243.0 163 2 3 -
148 000523 68495 A 4 -38.8 89.2 - 2 3 -
148 000523 68495 B 5 89.2 217.2 - 2 3 -
149 000528 31584 A 12 -99.0 29.0 65 3 - -
149 000528 31584 B 13 29.0 157.0 65 3 - -
150 000615B 59555 A 5 -130.5 -2.5 18 2 - -
150 000615B 59555 B 6 -2.5 125.5 18 2 - -
151 000621 07251 A 9 -114.8 13.2 119 1 4 -
151 000621 07251 B 10 13.2 141.3 119 1 4 -
152 000630 01859 A 32 -95.0 33.0 26 1 2 -
153 000718B 74829 A 14 -84.0 44.0 34 2 - -
154 000727 70961 A 4 -101.3 26.7 - 2 - -
155 000811 55801 A 15 -125.8 2.2 51 4 - -
155 000811 55801 A 17 -125.8 2.2 51 1 - -
155 000811 55801 B 16 2.2 130.2 51 4 - -
155 000811 55801 B 18 2.2 130.2 51 1 - -
156 000904 47922 A 17 -67.5 60.5 10 1 4 -
157 000906 75649 A 1 -81.6 46.4 20 1 - -
158 001004 53486 A 2 -54.5 73.5 9 1 2 3
159 001011C 57288 A 5 -47.6 80.4 24 3 - -
160 001013 65618 A 28 -92.7 35.3 37 2 4 -
160 001013 65618 B 29 35.3 163.3 37 2 4 -
161 001019 86357 A 18 -93.9 34.1 28 1 2 -
162 001110 44249 A 5 -85.6 42.4 35 1 2 -
162 001110 44249 B 6 42.4 170.3 35 1 2 -
163 001115 50801 A 27 -49.9 78.1 134 4 - -
163 001115 50801 B 28 78.1 206.2 134 4 - -
164 001206A 34621 A 29 -122.5 5.5 41 1 - -
164 001206A 34621 B 30 5.5 133.5 41 1 - -
165 001206C 77380 A 28 -121.5 6.5 27 2 - -
165 001206C 77380 B 29 6.5 134.5 27 2 - -
166 001212A 34422 A 5 -2.7 125.3 116 1 2 -
167 001212B 53843 A 13 -34.7 93.3 67 2 4 -
168 001213 83225 A 7 -54.8 73.2 454 1 2 -
168 001213 83225 B 8 73.2 201.2 454 1 2 -
168 001213 83225 C 9 201.2 329.2 454 1 2 -
168 001213 83225 D 10 329.2 457.3 454 1 2 -
168 001213 83225 E 11 457.3 585.3 454 1 2 -
169 001217 58829 A 23 -66.8 61.2 69 3 - -
169 001217 58829 B 24 61.2 189.1 69 3 - -
170 001219A 27329 A 26 -60.9 67.1 234 4 - -
170 001219A 27329 B 27 67.1 195.1 234 4 - -
170 001219A 27329 C 28 195.1 323.1 234 4 - -
171 001228 43394 A 1 -71.2 56.8 13 1 2 -
172 010109 09486 A 26 -92.6 35.4 7 1 2 -
173 010119A 01195 A 7 -53.0 75.0 - 4 - -
174 010127 30558 A 33 -32.2 95.8 147 1 4 -
174 010127 30558 B 34 95.8 223.8 147 1 4 -
175 010213 10643 A 6 -60.7 67.2 10 3 - -
176 010222A 26583 A 31 -129.0 -1.0 74 1 - -
176 010222A 26583 B 32 -1.0 126.9 74 1 - -
177 010226A 69313 A 2 -85.2 42.7 20 1 - -
178 010317 23287 A 27 -5.8 122.2 30 2 3 -
179 010324 41548 A 15 -139.1 -11.1 292 1 2 -
179 010324 41548 B 16 -11.1 116.9 292 1 2 -
179 010324 41548 C 17 116.9 244.9 292 1 2 -
179 010324 41548 D 18 244.9 372.9 292 1 2 -
180 010326 11696 A 31 -120.1 7.9 19 1 2 4
180 010326 11696 B 32 7.9 135.9 19 1 2 4
181 010408B 24322 A 11 -88.6 39.4 4 1 2 -
182 010412 78389 A 27 -44.7 83.3 60 1 - -
183 010418 29523 A 14 -82.9 45.1 70 1 2 -
184 010427B 33604 A 4 -109.9 18.1 42 1 2 -
184 010427B 33604 B 5 18.1 146.1 42 1 2 -
185 010504 09826 A 5 -3.2 124.8 15 2 4 -
186 010517 85893 A 12 -11.6 116.3 37 1 - -
187 010521 24050 A 29 -118.8 9.2 34 2 3 -
187 010521 24050 A 30 9.2 137.2 34 2 3 -
188 010619 97106 A 19 -54.8 73.2 449 2 3 -
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Table 1. continued.
# GRB SOD ID Packet t(a)start t
(a)
stop T90 units
- - (s) - # (s) (s) (s) -
188 010619 97106 B 20 73.2 201.2 449 2 3 -
188 010619 97106 C 21 201.2 329.2 449 2 3 -
188 010619 97106 D 22 329.2 457.2 449 2 3 -
189 010710B 84853 A 15 -79.4 48.6 20 2 4 -
190 010711 09830 A 14 -49.4 78.5 68 1 2 -
190 010711 09830 B 15 78.5 206.5 68 1 2 -
191 010715 73421 A 17 -126.6 1.4 45 2 3 -
191 010715 73421 B 18 1.4 129.4 45 2 3 -
192 010721 14211 A 21 -68.7 59.3 5 2 3 -
193 010801 66633 A 34 -77.2 50.8 42 1 2 -
194 010804 72798 A 8 -40.3 87.8 14 2 3 -
195 010813 35036 A 15 -31.6 96.4 - 2 4 -
196 010818A 49990 A 8 -58.7 69.3 41 1 4 -
197 010826 65161 A 10 -50.0 78.0 288 1 4 -
197 010826 65161 B 11 78.0 206.0 288 1 4 -
197 010826 65161 C 12 206.0 334.0 288 1 4 -
198 010921 18950 A 32 -56.7 71.4 22 2 4 -
199 010922 63412 A 5 -56.8 71.2 40 2 3 -
200 011003 12848 A 30 -11.0 117.0 34 1 2 -
(a) Time is referred to the on-ground trigger time SOD (third column).
(b) Unavailable data packets.
(c) Unknown start and end times.
(d) Low signal.
(e) Bad spectra.
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Table 2. Spectral fitting results of the time-integrated spectra for each bright GRB. Spectral models used are: Band’s model (Band), the cut-off
power–law (cpl) and the simple power–law (pow). α and β are the low- and high-energy photon indices (β is not defined for the cpl and pow
models). Ep is the peak energy of the ν F ν spectrum. CAT is the catalogue ID which provided the most accurate position for the GRB and is taken
from Frontera et al. (2009). Frozen values are reported among square brackets. For each GRB the best–fit model is marked with an asterisk.
# GRB GRB model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - (keV) (10−5 erg cm−2) - - -
1 960703 cpl 1.45+0.33
−0.40 - > 264 1.23 ± 0.10 0.77 4B 5526 K06; only unit 1 used
1 960703 pow (*) 1.71+0.11
−0.11 - - 1.26 ± 0.08 0.78 4B 5526 K06; only unit 1 used
2 960707B cpl 0.67+1.06
−1.68 - > 180 0.40 ± 0.10 0.81 4B 5532
2 960707B pow (*) 1.67+0.27
−0.27 - - 0.46 ± 0.07 0.88 4B 5532
3 960723A cpl (*) 0.25+1.31
−1.93 - 120
+34
−37 0.45 ± 0.09 0.55 4B 5551 -
3 960723A pow 2.17+0.26
−0.25 - - 0.55 ± 0.09 0.90 4B 5551
4 960805B cpl (*) 0.12+0.56
−0.69 - 176
+13
−12 2.68 ± 0.20 1.06 -
5 960806 pow (*) 1.80+0.18
−0.18 - - 1.44 ± 0.14 1.20 4B 5566
6 960825 band 1.60+1.30
−0.93 −2.60
+0.20
−0.20 191
+21
−17 4.41 ± 0.21 0.62 G
6 960825 cpl (*) 0.26+0.27
−0.35 - 246
+14
−13 4.67 ± 0.18 0.66 G
7 960912 cpl 1.15+0.56
−0.73 - 201
+122
−46 0.78 ± 0.10 0.89 4B 5601
7 960912 pow (*) 1.88+0.15
−0.14 - - 0.86 ± 0.08 0.97 4B 5601
8 960917 cpl (*) 0.68+0.78
−1.01 - 214
+71
−47 0.86 ± 0.13 0.90 4B 5606 K06
8 960917 pow 1.97+0.19
−0.20 - - 0.98 ± 0.11 1.01 4B 5606 K06
9 960921 band [−1.0] −2.91+0.27
−0.56 126
+13
−13 2.36 ± 0.10 0.57 4B 5609 K06
9 960921 cpl (*) 1.27+0.29
−0.33 - 130
+16
−23 2.35 ± 0.13 0.60 4B 5609 K06
10 961022 cpl 0.68+1.01
−1.37 - 280
+341
−63 0.63 ± 0.11 0.97 4B 5642
10 961022 pow (*) 1.80+0.22
−0.22 - - 0.71 ± 0.08 0.92 4B 5642
11 961208A pow (*) 1.92+0.37
−0.37 - - 0.62 ± 0.11 0.36 G
12 961228 cpl (*) −0.76+1.85
−3.48 - 165
+41
−35 0.74 ± 0.17 0.81 4B 5729
12 961228 pow 2.18+0.29
−0.29 - - 0.89 ± 0.17 1.13 4B 5729
13 970111 band −0.93+0.12
−0.11 −3.40
+0.40
−6.00 159
+6
−6 4.50 ± 0.09 0.85 W
13 970111 cpl (*) 0.98+0.10
−0.10 - 162
+5
−5 4.48 ± 0.09 0.86 W
14 970116(a) - - - - - - -
15 970117B band −0.16+0.64
−0.43 [−2.3] 224+43−31 2.32 ± 0.08 0.84 G
15 970117B cpl (*) 0.59+0.23
−0.25 - 279
+30
−23 2.34 ± 0.10 0.85 G
16 970122 cpl (*) 0.91+0.77
−1.02 - 155
+68
−36 0.58 ± 0.10 0.99 G
17 970203 cpl (*) 0.94+0.46
−0.56 - 205
+51
−31 0.89 ± 0.09 0.65 G
18 970228 cpl (*) 0.51+0.67
−0.86 - 157
+24
−19 0.65 ± 0.08 0.88 W
19 970307 cpl (*) 1.14+0.50
−0.65 - 128
+24
−30 1.01 ± 0.10 0.65 G
20 970313 pow (*) 1.88+0.18
−0.18 - - 1.50 ± 0.13 0.96 G
21 970315A band −0.40+0.67
−0.47 [−2.3] 348+89−59 3.75 ± 0.17 0.95 4B 6124 K06
21 970315A cpl (*) 0.49+0.37
−0.39 - 378
+64
−39 3.80 ± 0.15 0.95 4B 6124 K06
22 970315B(a) - - - - - - -
23 970402 pow (*) 1.78+0.14
−0.13 - - 0.86 ± 0.08 1.14 W
23 970402 cpl 1.00+0.43
−0.49 - 212
+79
−35 0.67 ± 0.07 0.93 W
24 970420 band −0.64+0.50
−0.44 −2.35
+0.14
−0.37 214
+39
−24 4.60 ± 0.15 0.72 4B 6198 K06; only unit 4 used
24 970420 cpl (*) 1.12+0.17
−0.18 - 263
+18
−15 4.74 ± 0.13 0.74 4B 6198 K06; only unit 4 used
25 970429 cpl (*) 0.88+0.81
−0.86 - 177
+57
−50 0.69 ± 0.10 0.73 4B 6214
26 970509 pow (*) 2.05+0.25
−0.26 - - 1.02 ± 0.14 0.60 4B 6226
27 970517B cpl (*) 1.08+0.34
−0.38 - 382
+254
−78 1.23 ± 0.07 0.71 4B 6235 K06
27 970517B band −1.10+0.51
−0.33 [−2.3] 381+159−86 1.23 ± 0.07 0.71 4B 6235 K06
28 970601(a) - - - - - - -
29 970603 pow (*) 1.61+0.29
−0.29 - - 0.82 ± 0.11 0.84 4B 6249 K06
29 970603 cpl 0.92+0.93
−1.80 - >291 0.78 ± 0.13 0.84 4B 6249 K06
30 970612B(a) - - - - - - -
31 970616 band [−1.0] < −2.25 206+31
−24 2.83 ± 0.11 0.90 4B 6274 K06
31 970616 cpl (*) 0.94+0.29
−0.32 - 224
+21
−17 2.78 ± 0.14 0.91 4B 6274 K06
32 970624A pow (*) 1.97+0.73
−0.67 - - 0.68 ± 0.27 1.05 - bad spectra
33 970624B pow (*) 2.11+0.17
−0.17 - - 1.21 ± 0.10 0.77 -
34 970625B band −0.88+0.20
−0.18 [−2.3] 286+19−17 7.89 ± 0.17 0.81 - only unit 4 used
34 970625B cpl (*) 0.97+0.12
−0.12 - 315
+11
−10 7.97 ± 0.14 0.71 - only unit 4 used
35 970627A(a) - - - - - - -
36 970627B(a) - - - - - - -
37 970704(a) - - - - - - -
38 970706 band −0.52+0.93
−0.46 −2.46
+0.17
−0.25 168
+18
−22 2.54 ± 0.11 0.85 -
38 970706 cpl (*) 1.17+0.18
−0.19 - 198
+13
−12 2.48 ± 0.19 0.94 -
39 970715 cpl (*) 1.43+0.37
−0.41 - 182
+36
−71 2.78 ± 0.21 1.17 -
40 970815(a) - - - - - - -
41 970816 cpl (*) 1.03+0.24
−0.26 - > 489 1.62 ± 0.06 0.67 4B 6336
41 970816 pow 1.40+0.06
−0.07 - - 1.65 ± 0.06 0.70 4B 6336 K06
42 970827B cpl (*) −0.32+0.88
−1.09 - 359
+138
−60 1.25 ± 0.14 0.72 4B 6349
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Table 2. continued.
# GRB GRB model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - (keV) (10−5 erg cm−2) - - -
43 970831 band 0.63+1.78
−0.87 −2.48
+0.14
−0.22 130
+19
−19 3.00 ± 0.09 0.93 4B 6353 K06
43 970831 cpl (*) 0.82+0.20
−0.20 - 172
+8
−8 2.94 ± 0.10 1.06 4B 6353 K06
44 970919B pow (*) 2.77+0.25
−0.24 - - 3.10 ± 0.40 0.61 4B 6389 K06
45 970922A pow (*) 2.72+0.33
−0.31 - - 0.81 ± 0.12 0.47 -
46 971019 cpl (*) 1.29+0.38
−0.41 - 125
+21
−30 1.13 ± 0.09 0.75 G
47 971022A cpl (*) 0.29+0.66
−0.86 - 342
+127
−66 0.90 ± 0.09 0.86 G
48 971027A cpl (*) 1.12+0.56
−0.78 - 154
+39
−34 0.79 ± 0.09 0.90 K
49 971029 band −0.81+0.58
−0.38 −2.78
+0.17
−0.27 137
+8
−8 3.68 ± 0.12 0.62 4B 6453 K06; only unit 3 used
49 971029 cpl (*) 1.34+0.17
−0.18 - 136
+11
−14 3.76 ± 0.12 0.73 4B 6453 K06; only unit 3 used
50 971110 band −0.78+0.10
−0.09 [−2.3] 288+15−14 11.80 ± 0.13 1.11 4B 6472 K06
50 971110 cpl (*) 0.87+0.06
−0.07 - 317
+11
−10 11.90 ± 0.13 1.07 4B 6472 K06
51 971114 pow (*) 2.09+0.12
−0.10 - - 1.66 ± 0.10 0.78 G
52 971122 pow (*) 1.63+0.11
−0.11 - - 0.86 ± 0.06 0.72 4B 6492
53 971127 cpl 1.24+0.55
−0.68 - 228
+249
−56 0.61 ± 0.07 1.11 4B 6504
53 971127 pow (*) 1.87+0.15
−0.15 - - 0.66 ± 0.06 1.15 4B 6504
54 971206B pow (*) 2.10+0.24
−0.23 - - 0.47 ± 0.07 0.66 W
55 971208A pow (*) 2.00+0.21
−0.21 - - 1.15 ± 0.13 0.73 G
56 971208B band 0.89+1.55
−1.00 −2.70
+0.17
−0.29 125
+16
−14 8.82 ± 0.34 0.74 4B 6526 K06
56 971208B cpl (*) 0.71+0.26
−0.29 - 159
+10
−9 8.81 ± 0.38 0.86 4B 6526 K06
57 971214B cpl (*) 0.59+0.55
−0.69 - 208
+54
−31 0.66 ± 0.08 0.70 W
58 971220 pow (*) 1.29+0.16
−0.18 - - 0.88 ± 0.08 0.79 4B 6539 K06
59 971223C band [−1.0] < −2.25 186+37
−30 1.54 ± 0.09 0.99 G
59 971223C cpl (*) 0.95+0.51
−0.54 - 202
+29
−26 1.51 ± 0.13 1.00 G
60 980105 cpl (*) 0.38+0.85
−1.28 - 198
+57
−31 0.67 ± 0.10 0.54 4B 6560 K06
61 980124A(b) - - - - - - -
62 980127 cpl (*) 0.37+0.49
−0.59 - 263
+67
−40 0.78 ± 0.08 0.76 G
63 980203B band −0.50+0.14
−0.10 [−2.3] 285+10−11 8.23 ± 0.09 1.58 4B 6587 K06
63 980203B cpl (*) 0.70+0.07
−0.06 - 326
+8
−6 8.38 ± 0.08 1.54 4B 6587 K06
64 980208B(a) - - - - - - -
65 980306B band [−1.0] −1.92+0.13
−0.24 249
+49
−45 4.02 ± 0.13 1.10 4B 6629 K06
65 980306B cpl (*) 1.27+0.18
−0.19 - 378
+116
−57 4.07 ± 0.12 1.12 4B 6629 K06
66 980306C band −1.18+0.40
−0.29 [−2.3] 258+95−54 1.73 ± 0.08 0.77 4B 6630 K06
66 980306C cpl (*) 1.27+0.20
−0.20 - 288
+75
−40 1.74 ± 0.08 0.77 4B 6630 K06
67 980315B cpl (*) 0.91+0.62
−0.77 - 246
+80
−42 1.14 ± 0.12 0.53 4B 6642 K06
67 980315B pow 1.88+0.14
−0.14 - - 1.27 ± 0.09 0.67 4B 6642 K06
68 980321 pow (*) 2.50+0.28
−0.26 - - 0.49 ± 0.08 0.87 4B 6651
69 980329A band −1.13+0.13
−0.12 [−2.3] 269+30−25 4.16 ± 0.08 0.79 W
69 980329A cpl (*) 1.18+0.09
−0.10 - 291
+25
−20 4.17 ± 0.09 0.78 W
70 980403(b) - - - - - - -
71 980420 cpl (*) 0.50+0.60
−0.74 - 411
+258
−80 1.31 ± 0.10 0.84 4B 6694 K06
71 980420 band −0.35+1.56
−0.73 [−2.3] 368+266−120 1.28 ± 0.10 0.83 4B 6694 K06
72 980428 cpl 0.96+0.62
−0.74 - 314
+334
−68 1.15 ± 0.12 0.88 -
72 980428 pow (*) 1.73+0.15
−0.14 - - 1.26 ± 0.09 0.94 -
73 980516 band [−1.0] −1.80+0.08
−0.13 472
+32
−31 18.80 ± 0.10 1.18 G only unit 1 used
73 980516 cpl (*) 1.17+0.06
−0.06 - > 584 19.10 ± 0.20 1.14 G only unit 1 used
74 980519A cpl (*) 0.55+0.70
−0.84 - 279
+85
−41 0.64 ± 0.07 0.69 - systematic deviations
75 980519B cpl (*) 0.68+0.54
−0.66 - 178
+38
−25 0.89 ± 0.10 0.59 W
76 980615B band −0.98+0.24
−0.19 −2.48
+0.14
−0.31 168
+17
−15 10.60 ± 0.20 1.05 G deviations below 75 keV
76 980615B cpl (*) 1.23+0.08
+0.08 - 192
+7
−7 10.60 ± 0.20 1.09 G deviations below 75 keV
77 980617 band [−1.0] −2.43+0.27
−0.55 130
+26
−25 1.70 ± 0.14 1.03 4B 6829
77 980617 cpl (*) 1.24+0.41
−0.50 - 153
+38
−25 1.64 ± 0.16 1.09 4B 6829
78 980624(a) - - - - - - -
79 980706B pow (*) 0.71+0.16
−0.17 - - 0.85 ± 0.07 0.79 C
80 980706D band −1.35+0.22
−0.18 [−2.3] 344+101−58 3.56 ± 0.12 0.79 G
80 980706D cpl (*) 1.31+0.18
−0.17 - 337
+58
−41 3.55 ± 0.11 0.78 G
81 980709B cpl (*) 0.43+0.62
−0.69 - 224
+36
−24 1.22 ± 0.12 0.80 -
82 980726(a) - - - - - - -
83 980728 band −0.61+1.01
−0.62 [−2.3] 204+77−42 1.28 ± 0.09 0.75 G
83 980728 cpl (*) 0.82+0.41
−0.48 - 237
+53
−33 1.26 ± 0.10 0.74 G
84 980805(b) - - - - - - -
85 980808 pow (*) 1.86+0.18
−0.18 - - 1.57 ± 0.18 0.56 4B 6975
86 980810B band 0.58+0.70
−0.53 −2.31
+0.16
−0.26 268
+35
−29 4.75 ± 0.12 0.86 4B 6985 K06
86 980810B cpl (*) 0.23+0.21
−0.22 - 338
+18
−15 4.96 ± 0.12 0.86 4B 6985 K06
87 980827C band −1.25+0.90
−0.58 < −2.27 202
+40
−58 13.30 ± 1.00 0.83 - only unit 3 used
87 980827C cpl (*) 1.52+0.36
−0.39 - 211
+36
−89 13.70 ± 0.80 0.83 - only unit 3 used
88 981002 pow (*) 1.39+0.27
−0.28 - - 0.64 ± 0.09 1.11 S
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Table 2. continued.
# GRB GRB model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - (keV) (10−5 erg cm−2) - - -
89 981018 cpl (*) 0.79+1.02
−1.50 - 128
+43
−56 0.53 ± 0.10 1.19 S
90 981107(a) - - - - - - -
91 981111 band −0.90+0.17
−0.14 [−2.3] 376+53−41 3.92 ± 0.09 0.91 G
91 981111 cpl (*) 0.90+0.13
−0.12 - 387
+40
−29 3.94 ± 0.08 0.90 G
92 981125A pow (*) 2.10+0.17
−0.17 - - 0.65 ± 0.06 1.08 4B 7228
93 981125B cpl 0.85+0.67
−0.87 - 259
+266
−64 0.57 ± 0.09 0.72 4B 7230
93 981125B pow (*) 1.69+0.17
−0.17 - - 0.64 ± 0.07 0.82 4B 7230
94 981203A band −0.38+3.61
−0.63 −1.76
+0.18
−0.23 265
+195
−148 4.79 ± 0.22 1.05 4B 7247 only unit 3 used
94 981203A cpl (*) 0.98+0.27
−0.28 - > 401 4.92 ± 0.20 1.07 4B 7247 only unit 3 used
95 981203B band −0.22+1.01
−0.76 [−2.3] 286+167−59 1.53 ± 0.13 1.16 4B 7248 K06
95 981203B cpl (*) 0.56+0.54
−0.65 - 339
+191
−63 1.55 ± 0.14 1.18 4B 7248 K06
96 990117B cpl (*) 0.07+1.05
−1.68 - 203
+94
−38 0.57 ± 0.11 0.69 G
97 990118A cpl (*) −0.62+0.68
−0.81 - 206
+14
−13 1.55 ± 0.12 1.34 -
98 990123A band −0.84+0.04
−0.04 [−2.3] 552+27−24 17.10 ± 0.10 1.03 W
98 990123A cpl (*) 0.84+0.04
−0.04 - 555
+26
−23 17.10 ± 0.10 1.03 W
99 990128 band −0.64+0.66
−0.44 [−2.3] 152+20−11 1.96 ± 0.24 1.04 S
99 990128 cpl (*) 1.04+0.21
−0.22 - 187
+14
−13 1.82 ± 0.32 1.00 S
100 990131 pow (*) 2.36+0.16
−0.15 - - 1.02 ± 0.09 0.87 G
101 990226 cpl (*) 0.00+0.46
−0.47 - 234
+28
−21 0.88 ± 0.07 0.59 4B 7429
102 990403A cpl (*) 1.42+0.43
−0.52 - 144
+37
−46 0.76 ± 0.07 0.50 4B 7502
102 990403A pow 2.08+0.11
−0.11 - - 0.82 ± 0.05 0.59 4B 7502
103 990506A band −0.43+0.16
−0.18 [−2.3] 272+19−16 10.50 ± 0.20 1.20 P
103 990506A cpl (*) 0.69+0.10
−0.11 - 320
+13
−11 10.70 ± 0.20 1.18 P
104 990510 band −0.78+0.78
−0.49 < −2.27 153
+29
−26 1.65 ± 0.12 0.80 W
104 990510 cpl (*) 1.06+0.34
−0.39 - 169
+26
−19 1.63 ± 0.12 0.81 W
105 990518B band −0.55+0.10
−0.10 [−2.3] 411+25−23 9.77 ± 0.12 1.04 4B 7575 K06
105 990518B cpl (*) 0.59+0.08
−0.08 - 430
+20
−18 9.86 ± 0.11 1.04 4B 7575 K06
106 990521 band 0.34+2.16
−1.13 [−2.3] 328+172−83 1.10 ± 0.12 0.78 G
106 990521 cpl (*) −0.03+0.83
−1.01 - 374
+127
−59 1.13 ± 0.11 0.78 G
107 990610 pow (*) 1.61+0.20
−0.19 - - 0.73 ± 0.07 0.79 -
108 990620 pow (*) 1.51+0.13
−0.14 - - 2.14 ± 0.15 0.82 G
109 990705 band −0.31+0.12
−0.12 [−2.3] 276+15−13 6.68 ± 0.09 0.90 W
109 990705 cpl (*) 0.51+0.07
−0.08 - 317
+11
−10 6.75 ± 0.10 0.89 W
110 990712A pow (*) 1.56+0.18
−0.18 - - 1.16 ± 0.11 0.88 4B 7647
111 990712B cpl 1.26+0.65
−0.89 - 137
+58
−69 0.50 ± 0.08 0.66 W
111 990712B pow (*) 2.05+0.17
−0.16 - - 0.60 ± 0.08 0.77 W
112 990718 cpl (*) 1.00+0.45
−0.53 - 232
+45
−34 1.89 ± 0.16 0.88 4B 7660 K06; only unit 4 used
113 990720B cpl (*) 0.34+0.63
−0.78 - 148
+20
−15 0.62 ± 0.06 0.72 G
114 990726 cpl 1.30+0.50
−0.62 - 204
+207
−54 0.81 ± 0.11 0.94 G
114 990726 pow (*) 1.88+0.15
−0.15 - - 0.86 ± 0.05 1.01 G
115 990907 pow (*) 1.88+0.15
−0.15 - - 0.91 ± 0.08 0.79 W
116 990913A band −0.96+0.35
−0.28 [−2.3] 340+93−59 2.26 ± 0.09 0.61 G
116 990913A cpl (*) 0.96+0.25
−0.26 - 351
+71
−40 2.26 ± 0.09 0.60 G
117 991104 cpl (*) 0.08+0.79
−1.12 - 222
+46
−32 0.55 ± 0.07 0.77 4B 7840
118 991108 cpl 0.63+0.56
−0.67 - > 314 0.71 ± 0.07 0.90 4B 7845
118 991108 pow (*) 1.39+0.14
−0.14 - - 0.74 ± 0.06 0.99 4B 7845
119 991116 band −0.60+0.33
−0.28 [−2.3] 253+46−32 3.82 ± 0.14 0.76 G
119 991116 cpl (*) 0.81+0.17
−0.18 - 298
+35
−26 3.86 ± 0.14 0.76 G
120 991120 pow (*) 2.13+0.25
−0.25 - - 0.60 ± 0.07 0.85 4B 7864
121 991122A pow (*) 2.33+0.32
−0.31 - - 0.70 ± 0.12 0.90 -
122 991124B pow (*) 2.70+0.14
−0.13 - - 2.30 ± 0.18 0.77 -
123 991205C cpl (*) 0.74+0.80
−1.06 - 182
+67
−42 0.45 ± 0.08 0.75 S
124 991216B band −1.21+0.15
−0.13 < −2.02 324
+60
−46 13.10 ± 0.20 0.86 P
124 991216B cpl (*) 1.30+0.06
−0.06 - 371
+19
−16 13.20 ± 0.10 0.86 P
125 991221 pow (*) 1.52+0.12
−0.12 - - 1.45 ± 0.08 1.01 -
126 991226A pow (*) 1.04+0.37
−0.42 - - 1.93 ± 0.31 0.79 -
127 000104A cpl (*) 1.09+0.42
−0.48 - 295
+242
−66 0.67 ± 0.06 0.73 4B 7933
127 000104A pow 1.68+0.11
−0.11 - - 0.72 ± 0.05 0.83 4B 7933
128 000107C cpl (*) 1.29+0.66
−0.89 - 119
+35
−88 0.76 ± 0.10 0.67 4B 7938 K06
129 000109 band −1.10+0.08
−0.08 [−2.3] 580+99−68 9.12 ± 0.14 1.22 4B 7941 only unit 2, syst. deviat.
129 000109 cpl (*) 1.10+0.08
−0.08 - 580
+98
−66 9.12 ± 0.14 1.22 4B 7941 only unit 2, syst. deviat.
130 000110 cpl (*) 0.24+1.04
−1.51 - 245
+160
−55 0.37 ± 0.08 0.72 G
131 000115 band −0.26+0.62
−0.43 −2.79
+0.29
−0.89 214
+25
−21 2.39 ± 0.10 0.94 4B 7954 K06
131 000115 cpl (*) 0.66+0.26
−0.28 - 238
+15
−13 2.45 ± 0.09 0.95 4B 7954 K06
132 000119B cpl (*) 0.52+0.58
−0.72 - 262
+84
−45 0.65 ± 0.08 0.87 G
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Table 2. continued.
# GRB GRB model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - (keV) (10−5 erg cm−2) - - -
133 000210 band −1.02+0.08
−0.08 [−2.3] 525+74−54 4.48 ± 0.07 0.71 W
133 000210 cpl (*) 1.02+0.08
−0.08 - 527
+71
−51 4.49 ± 0.07 0.71 W
134 000214A cpl (*) 0.50+0.34
−0.39 - 271
+50
−33 0.94 ± 0.07 0.60 W
135 000218A pow (*) 2.49+0.18
−0.17 - - 1.86 ± 0.17 1.02 -
136 000218B pow (*) 1.29+0.11
−0.11 - - 1.41 ± 0.08 0.74 -
137 000226 band −0.77+0.12
−0.11 [−2.3] 301+20−18 9.15 ± 0.12 1.09 G
137 000226 cpl (*) 0.81+0.08
−0.08 - 324
+14
−12 9.21 ± 0.11 1.04 G
138 000227 cpl 1.46+0.47
−0.52 - 184
+97
−87 1.39 ± 0.14 0.97 4B 8001
138 000227 pow (*) 2.00+0.14
−0.13 - - 1.48 ± 0.12 1.02 4B 8001
139 000301C cpl (*) 0.79+0.39
−0.45 - 185
+23
−19 1.32 ± 0.10 0.76 G
140 000312 cpl (*) 0.70+0.66
−0.87 - 169
+35
−25 0.81 ± 0.10 0.96 4B 8030
141 000323 cpl (*) 0.75+0.40
−0.44 - 170
+21
−15 1.08 ± 0.08 0.91 I
142 000327 cpl (*) 0.90+0.41
−0.48 - 222
+45
−33 1.16 ± 0.10 0.89 G
143 000328 pow (*) 2.41+0.17
−0.17 - - 1.48 ± 0.13 1.43 -
144 000419 cpl (*) 0.80+0.33
−0.35 - 241
+46
−27 1.10 ± 0.08 0.60 I
145 000420B pow (*) 2.48+0.20
−0.20 - - 2.22 ± 0.30 1.32 4B 8081 K06
145 000420B cpl 0.70+1.14
−1.58 - 174
+42
−118 1.65 ± 0.33 1.19 4B 8081 K06
146 000421 cpl (*) −0.35+1.54
−2.47 - 152
+26
−42 1.12 ± 0.24 1.23 4B 8084
147 000429 band −0.92+0.30
−0.26 [−2.3] 381+114−54 2.09 ± 0.10 0.77 I
147 000429 cpl (*) 0.90+0.25
−0.25 - 384
+101
−55 2.10 ± 0.09 0.76 I
148 000523 cpl (*) −0.53+0.88
−0.80 - 252
+32
−26 1.18 ± 0.13 1.11 -
149 000528 cpl (*) 0.68+0.36
−0.41 - 140
+12
−10 1.43 ± 0.09 0.67 W
150 000615B pow (*) 1.66+0.28
−0.28 - - 1.63 ± 0.26 0.79 I
151 000621 cpl (*) −0.29+0.91
−1.11 - 256
+28
−25 1.21 ± 0.14 0.84 G
152 000630 band −0.67+0.91
−0.38 < −2.18 216
+42
−56 1.41 ± 0.07 0.79 I
152 000630 cpl (*) 1.07+0.25
−0.28 - 234
+28
−21 1.42 ± 0.07 0.78 I
153 000718B band −0.97+0.10
−0.09 [−2.3] 409+46−38 6.80 ± 0.13 1.13 G
153 000718B cpl (*) 0.95+0.09
−0.09 - 406
+39
−31 6.81 ± 0.13 1.11 G
154 000727 pow (*) 1.94+0.12
−0.12 - - 1.47 ± 0.09 0.78 I
155 000811 band −1.03+0.54
−0.39 [−2.3] 216+53−34 3.08 ± 0.12 0.94 I
155 000811 cpl (*) 1.25+0.21
−0.23 - 257
+34
−25 3.11 ± 0.12 0.93 I
156 000904 cpl 0.91+1.02
−1.32 - 242
+83
−176 0.67 ± 0.12 0.79 G
156 000904 pow (*) 2.08+0.22
−0.21 - - 0.78 ± 0.10 0.82 G
157 000906 cpl (*) −0.17+0.90
−1.07 - 162
+32
−17 0.53 ± 0.07 0.51 G
158 001004 band 0.91+2.35
−1.25 −2.13
+0.15
−0.24 187
+72
−40 3.80 ± 0.20 1.05 I
158 001004 cpl (*) 0.62+0.28
−0.31 - 304
+34
−25 4.02 ± 0.15 1.07 I
159 001011C band [−1.0] < −1.79 345+57
−53 1.90 ± 0.07 0.66 W
159 001011C cpl (*) 1.10+0.17
−0.18 - 398
+119
−63 2.02 ± 0.07 0.66 W
160 001013 band [−1.0] −2.71+0.21
−0.42 102
+12
−10 2.73 ± 0.12 1.05 G
160 001013 cpl (*) 1.42+0.21
−0.23 - 106
+13
−16 2.68 ± 0.11 1.07 G
161 001019 cpl (*) 0.64+0.69
−0.87 - 201
+48
−34 0.78 ± 0.09 0.67 I
162 001110 pow (*) 1.82+0.14
−0.12 - - 1.27 ± 0.10 1.16 G
163 001115 band 0.58+3.88
−1.56 [−2.3] 220+93−50 0.99 ± 0.13 0.68 G
163 001115 cpl (*) 0.10+0.94
−1.25 - 261
+53
−37 0.96 ± 0.14 0.62 G
164 001206A cpl (*) 0.97+0.49
−0.61 - 252
+166
−57 0.73 ± 0.09 0.86 G
164 001206A pow 1.70+0.13
−0.13 - - 0.81 ± 0.07 0.99 G
165 001206C pow (*) 1.67+0.24
−0.24 - - 0.74 ± 0.10 1.14 G
166 001212A pow (*) 1.61+0.13
−0.13 - - 0.70 ± 0.05 0.92 G
167 001212B band −0.92+0.90
−0.58 [−2.3] 208+65−37 2.20 ± 0.13 0.72 I
167 001212B cpl (*) 1.35+0.27
−0.29 - 264
+49
−35 2.26 ± 0.11 0.73 I
168 001213 pow (*) 2.36+0.51
−0.45 - - 1.31 ± 0.32 2.18 - noisy spectrum
168 001213 cpl −0.60+2.40
−4.07 - 152
+53
−97 1.01 ± 0.33 1.93 - noisy spectrum
169 001217 pow (*) 2.18+0.36
−0.34 - - 0.33 ± 0.07 1.08 G
170 001219A pow (*) 2.16+0.29
−0.28 - - 1.54 ± 0.23 0.93 G
171 001228 pow (*) 1.87+0.03
−0.04 - - 6.53 ± 0.13 1.55 - anomaly spec.
172 010109 band −0.87+0.37
−0.28 [−2.3] 338+72−50 3.69 ± 0.14 0.79 I only unit 2 used
172 010109 cpl (*) 0.93+0.22
−0.23 - 363
+51
−34 3.73 ± 0.12 0.78 I only unit 2 used
173 010119A cpl (*) 1.14+0.41
−0.47 - 217
+40
−35 1.40 ± 0.11 0.66 G
174 010127 pow (*) 1.65+0.13
−0.12 - - 1.29 ± 0.08 0.94 -
175 010213 cpl 1.34+0.56
−0.74 - 136
+49
−67 0.53 ± 0.07 0.90 W
175 010213 pow (*) 2.07+0.15
−0.15 - - 0.60 ± 0.05 1.01 W
176 010222A band −1.05+0.21
−0.16 −2.14
+0.13
−0.58 291
+52
−43 8.86 ± 0.13 1.01 W
176 010222A cpl (*) 1.20+0.07
−0.07 - 344
+21
−17 8.97 ± 0.11 1.02 W
177 010226A cpl (*) −0.22+1.02
−1.39 - 151
+22
−17 0.61 ± 0.08 0.58 G
178 010317 band −0.96+1.14
−0.53 [−2.3] 218+114−94 1.24 ± 0.09 0.60 G
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Table 2. continued.
# GRB GRB model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - (keV) (10−5 erg cm−2) - - -
178 010317 cpl (*) 1.10+0.39
−0.42 - 251
+82
−41 1.24 ± 0.09 0.60 G
179 010324 band 0.28+1.93
−1.04 [−2.3] 149+38−26 1.71 ± 0.10 1.06 A
179 010324 cpl (*) 0.60+0.40
−0.46 - 196
+26
−20 1.63 ± 0.13 1.01 A
180 010326 cpl 0.96+0.80
−0.98 - 208
+106
−58 0.84 ± 0.13 0.67 I
180 010326 pow (*) 1.96+0.20
−0.21 - - 0.91 ± 0.11 0.73 I
181 010408B band −1.04+0.69
−0.61 [−2.3] 147+32−25 1.60 ± 0.10 0.72 -
181 010408B cpl (*) 1.44+0.17
−0.36 - 173
+30
−27 1.60 ± 0.09 0.71 -
182 010412 band −0.70+0.22
−0.19 [−2.3] 216+20−17 2.96 ± 0.06 0.76 W
182 010412 cpl (*) 0.90+0.11
−0.12 - 253
+15
−13 2.95 ± 0.07 0.71 W
183 010418 band −0.79+0.56
−0.47 < −1.75 270
+200
−77 1.88 ± 0.08 1.11 G
183 010418 cpl (*) 1.03+0.23
−0.25 - 368
+108
−54 1.90 ± 0.08 1.11 G
184 010427B band −0.95+0.10
−0.09 [−2.3] 606+75−66 5.61 ± 0.08 1.02 G
184 010427B cpl (*) 0.95+0.10
−0.05 - 607
+54
−65 5.61 ± 0.08 1.02 G
185 010504 band −1.24+0.24
−0.20 [−2.3] 404+184−87 1.96 ± 0.08 0.81 G
185 010504 cpl (*) 1.23+0.20
−0.22 - 405
+169
−71 1.97 ± 0.08 0.81 G
186 010517 pow (*) 1.61+0.26
−0.26 - - 1.08 ± 0.14 0.60 -
187 010521 pow (*) 2.19+0.64
−0.56 - - 1.18 ± 0.35 0.66 -
188 010619 band −1.17+1.32
−0.53 [−2.3] 159+60−42 1.70 ± 0.12 1.06 G
188 010619 cpl (*) 1.09+0.42
−0.51 - 172
+33
−27 1.60 ± 0.14 1.00 G
189 010710B cpl (*) 0.91+0.25
−0.26 - 175
+11
−11 2.29 ± 0.10 0.92 G
190 010711 pow (*) 2.49+0.25
−0.24 - - 4.91 ± 0.68 1.08 -
191 010715 pow (*) 2.17+0.41
−0.41 - - 0.90 ± 0.15 0.75 -
192 010721 pow (*) 0.81+0.23
−0.25 - - 0.48 ± 0.05 0.95 G
193 010801 band −0.63+0.32
−0.17 [−2.3] 227+19−16 4.35 ± 0.10 0.88 G
193 010801 cpl (*) 0.96+0.13
−0.14 - 272
+13
−11 4.41 ± 0.09 0.84 G
194 010804 pow (*) 2.55+0.19
−0.18 - - 2.28 ± 0.23 0.89 -
195 010813 cpl (*) 0.46+0.57
−0.66 - 388
+109
−53 1.35 ± 0.10 0.78 -
196 010818A pow (*) 1.62+0.13
−0.13 - - 1.06 ± 0.75 0.74 G
197 010826 band −0.73+0.32
−0.25 [−2.3] 288+54−41 3.10 ± 0.11 0.82 G
197 010826 cpl (*) 0.80+0.19
−0.20 - 313
+39
−28 3.10 ± 0.11 0.81 G
198 010921 pow (*) 2.39+0.12
−0.12 - - 1.63 ± 0.11 0.81 I
199 010922 cpl (*) 0.41+0.45
−0.54 - 204
+17
−15 2.03 ± 0.13 0.84 -
200 011003 band −0.70+0.39
−0.30 [−2.3] 288+44−34 2.34 ± 0.08 0.85 -
200 011003 cpl (*) 0.80+0.20
−0.20 - 319
+27
−20 2.36 ± 0.06 0.82 -
(a) Unavailable data packets.
(b) Bad spectra.
(∗) Best fit model for a given GRB.
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Table 3. Spectral fitting results of the time-resolved spectra for each bright GRB that happened to be sampled by more 128-s time intervals.
Spectral models are the same as in Table 2. Intervals are the same as in Table 1. Asterisks mark the best-fit model for the spectra that were fit with
different models.
# GRB GRB Interval model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - - (keV) (10−5 erg cm−2) - - -
1 960703 A cpl 0.89+0.43
−0.48 - 307
+140
−56 0.75 ± 0.06 0.84 4B 5526
1 960703 B pow 2.04+0.19
−0.19 - - 0.47 ± 0.05 1.29 4B 5526
4 960805B A pow (*) 2.08+0.20
−0.20 - - 0.92 ± 0.11 1.03 -
4 960805B A cpl < 0.65 - 194+31
−25 0.71 ± 0.13 0.68 -
4 960805B B cpl 0.33+0.44
−0.48 - 164
+13
−14 1.96 ± 0.15 0.85 -
5 960806 A pow 1.96+3.03
−1.78 - - 0.19 ± 0.10 1.36 4B 5566
5 960806 B cpl 0.58+0.68
−0.85 - 231
+56
−35 1.11 ± 0.13 0.77 4B 5566
6 960825 A cpl 0.33+0.39
−0.44 - 241
+16
−15 2.82 ± 0.15 0.58 G
6 960825 B cpl 0.19+0.58
−0.69 - 254
+27
−23 1.85 ± 0.13 0.77 G
7 960912 A cpl 1.04+0.46
−0.55 - 269
+176
−57 0.71 ± 0.07 0.68 4B 5601
7 960912 B pow 2.75+0.88
−0.67 - - 0.12 ± 0.05 0.74 4B 5601
8 960917 A pow 1.92+0.28
−0.28 - - 0.51 ± 0.08 0.64 4B 5606
8 960917 B pow 2.07+0.29
−0.29 - - 0.48 ± 0.08 0.91 4B 5606
11 961208A A pow 1.72+0.30
−0.32 - - 0.49 ± 0.08 0.90 G
11 961208A B pow 2.58+1.75
−1.43 - - 0.14 ± 0.08 0.29 G
12 961228 A pow 2.17+0.21
−0.20 - - 0.89 ± 0.12 1.14 4B 5729
12 961228 A cpl (*) −0.32+1.31
−1.96 - 165
+31
−28 0.75 ± 0.13 0.74 4B 5729
12 961228(a) B - - - - - - -
15 970117B A cpl 0.52+0.18
−0.19 - 291
+22
−19 2.30 ± 0.08 0.92 G
15 970117B(b) B - - - - - >3 -
23 970402 A cpl 1.01+0.42
−0.50 - 209
+70
−35 0.70 ± 0.07 0.72 W
23 970402 B pow 1.62+1.76
−1.73 - - 0.08 ± 0.06 0.68 W
29 970603 A pow 1.34+0.29
−0.29 - - 0.58 ± 0.08 0.67 4B 6249
29 970603 B pow 2.26+0.81
−0.67 - - 0.28 ± 0.10 0.65 4B 6249
31 970616 A pow 1.61+1.11
−1.15 - - 0.17 ± 0.07 0.52 4B 6274
31 970616 B cpl 1.10+0.22
−0.24 - 243
+22
−18 2.57 ± 0.10 1.01 4B 6274
31 970616 B band (*) 0.25+2.53
−0.94 −2.26
+0.14
−0.21 171
+35
−35 2.45 ± 0.11 0.93 4B 6274
32 970624A A pow 2.24+0.67
−0.75 - - 0.59 ± 0.27 0.54 -
32 970624A B pow 1.32+2.63
−3.78 - - 0.18 ± 0.16 0.94 -
33 970624B A pow 2.12+0.18
−0.17 - - 0.82 ± 0.07 0.64 -
33 970624B B pow 2.11+0.37
−0.36 - - 0.39 ± 0.07 0.46 -
42 970827B A cpl 0.06+0.90
−0.95 - 389
+289
−80 0.89 ± 0.10 0.51 4B 6349
42 970827B B pow 1.38+0.41
−0.43 - - 0.41 ± 0.09 0.74 4B 6349
43 970831 A cpl (*) 0.69+0.94
−1.36 - 147
+42
−33 0.41 ± 0.07 1.02 4B 6353
43 970831 A band [−1.0] < −2.13 139+46
−41 0.44 ± 0.06 1.01 4B 6353
43 970831 B cpl 0.82+0.16
−0.18 - 176
+8
−7 2.53 ± 0.07 0.98 4B 6353
43 970831 B band (*) 0.12+0.85
−0.50 −2.56
+0.15
−0.21 143
+14
−16 2.56 ± 0.07 0.87 4B 6353
47 971022A A cpl −0.28+0.68
−0.79 - 319
+59
−39 0.73 ± 0.07 0.89 G
47 971022A B pow 1.92+0.78
−0.73 - - 0.16 ± 0.06 0.97 G
48 971027A A cpl 1.18+0.42
−0.39 - 167
+35
−27 0.79 ± 0.07 0.95 K
48 971027A(a) B - - - - - - -
50 971110 A cpl 0.45+0.29
−0.37 - 201
+17
−14 1.35 ± 0.08 0.57 4B 6472
50 971110 B cpl 0.83+0.09
−0.10 - 327
+17
−15 4.73 ± 0.08 0.80 4B 6472
50 971110 C cpl 0.90+0.08
−0.08 - 345
+17
−15 5.76 ± 0.08 0.96 4B 6472
51 971114 A cpl 1.32+0.34
−0.40 - 157
+26
−29 1.40 ± 0.10 0.64 G
51 971114 B pow 2.86+1.80
−1.47 - - 0.13 ± 0.07 0.77 G
54 971206B A pow 2.39+1.51
−1.06 - - 0.08 ± 0.05 0.59 W
54 971206B B pow 2.05+0.20
−0.19 - - 0.39 ± 0.05 0.63 W
54 971206B B cpl (*) 0.64+1.05
−1.47 - 138
+44
−36 0.32 ± 0.06 0.43 W
56 971208B A pow (*) 1.38+0.03
−0.03 - - 0.67 ± 0.12 0.65 4B 6526
56 971208B A cpl 0.45+1.08
−1.57 - > 282 0.67 ± 0.12 0.60 4B 6526
56 971208B B cpl 0.98+0.25
−0.28 - 184
+16
−14 3.18 ± 0.14 0.75 4B 6526
56 971208B B band (*) 0.40+1.49
−0.86 −2.50
+0.17
−0.24 135
+21
−20 3.14 ± 0.14 0.64 4B 6526
56 971208B C cpl (*) 0.71+0.45
−0.56 - 156
+17
−15 2.06 ± 0.15 0.69 4B 6526
56 971208B C band [−1.0] −2.85+0.41
−3.92 146
+22
−20 2.17 ± 0.12 0.66 4B 6526
56 971208B D cpl 0.16+0.70
−0.88 - 146
+18
−16 1.30 ± 0.13 0.75 4B 6526
56 971208B E cpl 0.65+1.00
−1.45 - 113
+25
−44 0.83 ± 0.13 0.49 4B 6526
56 971208B F pow (*) 2.29+0.32
−0.29 - - 0.60 ± 0.12 0.73 4B 6526
56 971208B F cpl 0.37+1.55
−2.77 - 125
+43
−98 0.52 ± 0.13 0.44 4B 6526
56 971208B G pow (*) 2.49+0.44
−0.38 - - 0.44 ± 0.11 1.09 4B 6526
56 971208B G cpl < 1.98 - < 152 0.38 ± 0.11 0.74 4B 6526
59 971223C A pow 2.08+0.44
−0.21 - - 0.30 ± 0.06 0.88 G
59 971223C B cpl 0.92+0.35
−0.41 - 202
+24
−21 1.24 ± 0.10 0.91 G
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Table 3. continued.
# GRB GRB Interval model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - - (keV) (10−5 erg cm−2) - - -
65 980306B A pow 1.95+0.19
−0.19 - - 0.63 ± 0.06 0.64 4B 6629
65 980306B B cpl 0.98+0.21
−0.23 - 391
+90
−50 2.19 ± 0.08 0.81 4B 6629
65 980306B C cpl 1.28+0.33
−0.37 - 287
+158
−54 1.22 ± 0.08 0.90 4B 6629
68 980321 A pow > 1.13 - - 0.07 ± 0.06 1.17 4B 6651
68 980321 B pow 2.53+0.24
−0.22 - - 0.44 ± 0.05 0.69 4B 6651
72 980428 A pow 1.72+0.13
−0.13 - - 1.01 ± 0.06 0.66 -
72 980428 A cpl 0.93+0.57
−0.68 - 317
+227
−62 0.93 ± 0.09 0.57 -
72 980428 B pow (*) 1.79+0.58
−0.55 - - 0.25 ± 0.06 0.34 -
75 980519B A cpl 1.06+0.39
−0.46 - 177
+41
−25 0.82 ± 0.08 0.71 W
75 980519B B pow 1.72+0.81
−0.73 - - 0.12 ± 0.06 1.45 W
76 980615B A cpl (*) 1.12+0.26
−0.29 - 372
+167
−68 2.07 ± 0.11 0.71 G
76 980615B A band −1.13+0.34
−0.26 [−2.3] 372+190−88 2.07 ± 0.11 0.71 G
76 980615B B cpl 1.18+0.08
−0.08 - 168
+5
−5 8.46 ± 0.13 1.17 G deviations belew 80 keV
76 980615B B band (*) −0.89+0.21
−0.17 −2.63
+0.13
−0.21 151
+9
−9 8.49 ± 0.13 1.09 G deviations below 80 keV
77 980617 A pow > 0.10 - - 0.09 ± 0.07 0.36 4B 6829
77 980617 B cpl 1.28+0.28
−0.31 - 184
+37
−26 1.29 ± 0.09 0.84 4B 6829
77 980617 C pow (*) 2.36+0.29
−0.27 - - 0.35 ± 0.06 1.16 4B 6829
77 980617 C cpl < 1.16 - 99+18
−22 0.27 ± 0.05 0.81 4B 6829
80 980706D A cpl 1.01+0.17
−0.16 - 336
+39
−27 3.10 ± 0.08 0.87 G
80 980706D B pow 2.52+0.33
−0.31 - - 0.45 ± 0.07 0.72 G
81 980709B A cpl −0.02+0.51
−0.64 - 253
+28
−21 1.00 ± 0.08 0.81 -
81 980709B B pow 2.72+0.59
−0.51 - - 0.30 ± 0.07 0.32 -
83 980728 A pow 2.01+0.55
−0.50 - - 0.18 ± 0.05 0.48 G
83 980728 B cpl 0.80+0.34
−0.38 - 249
+45
−29 1.10 ± 0.07 0.69 G
85 980808 A pow 3.74+3
−3 - - 0.07 ± 0.04 0.70 4B 6975
85 980808 B pow (*) 1.81+0.13
−0.13 - - 1.49 ± 0.13 0.55 4B 6975
85 980808 B cpl 1.29+0.44
−0.52 - 238
+291
−62 1.40 ± 0.16 0.46 4B 6975
87 980827C A cpl (*) 1.53+0.27
−0.28 - 213
+28
−52 13.44 ± 0.55 0.92 - only unit 3 used
87 980827C A band −1.34+0.60
−0.45 < −2.31 205
+35
−41 13.20 ± 0.77 0.93 - only unit 3 used
87 980827C B pow 3.30+3
−3 - - 0.34 ± 0.10 0.34 - only unit 3 used
88 981002 A pow 1.24+0.24
−0.25 - - 0.53 ± 0.07 0.85 S
88 981002 B pow 1.95+1.56
−1.25 - - 0.12 ± 0.07 1.26 S
89 981018 A pow (*) 2.05+0.20
−0.20 - - 0.50 ± 0.06 1.08 S
89 981018 A cpl 0.91+0.96
−1.42 - 138
+60
−60 0.42 ± 0.08 0.96 S
89 981018 B pow 2.41+0.83
−0.68 - - 0.14 ± 0.05 0.68 S
94 981203A A pow < 2.14 - - 0.13 ± 0.11 0.53 4B 7247 only unit 3 used
94 981203A B cpl 0.93+0.19
−0.20 - 444
+99
−56 4.10 ± 0.12 0.98 4B 7247 only unit 3 used
94 981203A C pow (*) 1.59+0.27
−0.29 - - 0.66 ± 0.12 0.62 4B 7247 only unit 3 used
94 981203A C cpl 0.97+0.85
−1.58 - > 227 0.65 ± 0.12 0.61 4B 7247 only unit 3 used
95 981203B A cpl 0.54+0.29
−0.32 - 320
+49
−33 1.44 ± 0.07 1.17 4B 7248
95 981203B B pow 1.41+0.38
−0.40 - - 0.29 ± 0.06 0.78 4B 7248
96 990117B A cpl 0.05+0.65
−0.84 - 233
+52
−34 0.58 ± 0.07 0.67 G
96 990117B(b) B - - - - - >2 -
98 990123A A cpl 0.70+0.05
−0.06 - > 649 8.66 ± 0.08 0.89 W
98 990123A B cpl 0.90+0.05
−0.05 - 411
+19
−17 8.42 ± 0.08 0.90 W
100 990131 A pow 2.68+0.41
−0.36 - - 0.34 ± 0.06 0.54 G
100 990131 B cpl 0.57+0.89
−1.22 - 117
+21
−28 0.57 ± 0.08 0.57 G
103 990506A A cpl 0.45+0.19
−0.20 - 414
+37
−28 4.45 ± 0.10 0.79 P
103 990506A B cpl 0.68+0.13
−0.14 - 256
+9
−9 6.23 ± 0.12 1.08 P
104 990510 A cpl 1.25+0.24
−0.27 - 164
+21
−17 1.56 ± 0.09 0.45 W
104 990510 B pow 1.54+0.83
−0.80 - - 0.13 ± 0.06 0.75 W
105 990518B A pow 2.17+0.51
−0.48 - - 0.22 ± 0.06 0.56 4B 7575
105 990518B B cpl 0.55+0.06
−0.07 - 432
+16
−14 9.66 ± 0.08 1.10 4B 7575
110 990712A A pow 1.30+0.17
−0.18 - - 0.86 ± 0.08 0.66 4B 7647
110 990712A B pow 2.24+0.41
−0.40 - - 0.33 ± 0.07 0.59 4B 7647
112 990718 A pow 2.25+0.99
−0.85 - - 0.21 ± 0.09 0.39 4B 7660 only unit 4 used
112 990718 B cpl 0.99+0.36
−0.41 - 251
+39
−29 1.74 ± 0.11 0.63 4B 7660 only unit 4 used
114 990726 A pow 1.79+0.22
−0.21 - - 0.46 ± 0.06 0.83 G
114 990726 B pow 1.97+0.21
−0.21 - - 0.43 ± 0.06 0.63 G
115 990907 A pow 1.93+0.19
−0.19 - - 0.50 ± 0.06 0.63 W
115 990907 B pow 1.85+0.24
−0.24 - - 0.41 ± 0.06 0.58 W
119 991116 A cpl 0.70+0.18
−0.19 - 283
+28
−22 2.28 ± 0.09 0.77 G
119 991116 B cpl 0.82+0.26
−0.28 - 339
+84
−49 1.45 ± 0.08 0.63 G
119 991116 C pow 2.25+0.71
−0.59 - - 0.15 ± 0.05 0.50 G
126 991226A A pow 0.87+0.35
−0.41 - - 1.35 ± 0.21 0.60 -
126 991226A B pow 1.92+1.32
−1.19 - - 0.75 ± 0.35 0.68 -
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Table 3. continued.
# GRB GRB Interval model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - - (keV) (10−5 erg cm−2) - - -
127 000104A(a) A - - - - - - -
127 000104A B cpl 1.09+0.42
−0.48 - 295
+242
−66 0.67 ± 0.06 0.73 4B 7933
129 000109 A cpl 1.15+0.14
−0.15 - 366
+75
−46 3.09 ± 0.10 0.90 4B 7941 only unit 2 used, syst. deviat.
129 000109 B cpl 1.02+0.09
−0.09 - > 596 6.00 ± 0.10 1.19 4B 7941 only unit 2 used, syst. deviat.
135 000218A A pow 2.33+0.18
−0.17 - - 1.03 ± 0.09 1.18 -
135 000218A B pow 2.65+0.35
−0.32 - - 0.62 ± 0.10 0.67 -
135 000218A C pow 3.01+1.22
−0.84 - - 0.27 ± 0.13 1.16 -
136 000218B A pow 1.06+0.12
−0.13 - - 0.90 ± 0.05 0.74 -
136 000218B B pow 1.70+0.21
−0.21 - - 0.52 ± 0.05 0.67 -
137 000226 A cpl (*) 0.69+0.16
−0.16 - 342
+29
−23 3.37 ± 0.09 0.76 G
137 000226 A band −0.66+0.22
−0.20 [−2.3] 323+41−34 3.35 ± 0.09 0.78 G
137 000226 B cpl (*) 0.87+0.09
−0.09 - 310
+15
−13 5.78 ± 0.08 0.91 G
137 000226 B band −0.80+0.13
−0.13 [−2.3] 284+22−19 5.77 ± 0.09 0.95 G
138 000227 A pow 1.86+0.24
−0.24 - - 0.60 ± 0.09 0.86 4B 8001
138 000227 B pow 2.20+0.17
−0.16 - - 0.89 ± 0.08 1.02 4B 8001
139 000301C A pow 2.05+0.29
−0.29 - - 0.33 ± 0.06 1.02 G
139 000301C B cpl 0.60+0.42
−0.48 - 183
+19
−16 1.00 ± 0.07 0.51 G
140 000312 A pow (*) 2.09+0.33
−0.32 - - 0.27 ± 0.05 1.18 4B 8030
140 000312 A cpl −0.45+2.14
−3.05 - 144
+54
−45 0.21 ± 0.06 1.03 4B 8030
140 000312 B cpl 0.84+0.59
−0.77 - 185
+42
−30 0.60 ± 0.07 0.74 4B 8030
142 000327 A pow 1.76+0.31
−0.31 - - 0.32 ± 0.06 0.64 G
142 000327 B cpl 0.97+0.42
−0.48 - 223
+63
−32 0.88 ± 0.08 0.86 G
143 000328 A pow 3.2−2.3
−2.3 - - 0.08 ± 0.04 0.37 -
143 000328 B cpl 1.19+0.63
−0.77 - 148
+33
−57 0.89 ± 0.09 0.82 -
143 000328 C pow 4.42+0.71
−0.59 - - 3.66 ± 1.25 0.67 - only unit 2 used
146 000421 A cpl −1.16+1.75
−2.77 - 170
+24
−26 0.74 ± 0.14 0.91 4B 8084
146 000421 B pow 3.04+0.63
−0.55 - - 0.59 ± 0.18 1.30 4B 8084
147 000429 A cpl 0.80+0.21
−0.21 - 392
+76
−42 1.81 ± 0.06 0.72 I
147 000429 B pow 1.82+0.30
−0.30 - - 3.06 ± 0.05 0.56 I
148 000523 A cpl −0.27+0.66
−0.72 - 259
+29
−23 1.10 ± 0.10 0.82 -
148 000523 B pow 2.03+1.44
−1.13 - - 0.14 ± 0.08 0.82 -
149 000528 A cpl 0.24+0.39
−0.45 - 175
+16
−13 0.97 ± 0.07 0.99 W
149 000528 B cpl 0.81+0.78
−0.97 - 86
+14
−29 0.49 ± 0.05 0.54 W
150 000615B(a) A - - - - - - -
150 000615B B pow (*) 1.84+0.19
−0.19 - - 1.63 ± 0.18 0.67 I
150 000615B B cpl 0.89+0.78
−1.12 - 217
+175
−53 1.45 ± 0.24 0.56 I
151 000621 A cpl [−1.0] - 270+51
−42 0.36 ± 0.05 0.76 G
151 000621 B cpl 0.60+0.77
−0.95 - 239
+37
−40 0.91 ± 0.11 0.80 G
155 000811(a) A - - - - - - -
155 000811 B cpl 1.18+0.16
−0.17 - 248
+20
−17 3.01 ± 0.08 0.90 I
160 001013 A cpl 1.28+0.17
−0.21 - 126
+11
−11 2.10 ± 0.08 1.01 G
160 001013 B pow 2.50+0.17
−0.16 - - 0.65 ± 0.06 0.87 G
162 001110 A pow (*) 1.83+0.09
−0.09 - - 1.24 ± 0.07 0.80 G
162 001110 A cpl 1.40+0.32
−0.31 - 268
+223
−59 1.19 ± 0.08 0.75 G
162 001110(a) B - - - - - - -
163 001115 A pow (*) 1.71+0.34
−0.34 - - 0.40 ± 0.08 0.80 G
163 001115 A cpl < 1.3 - 281+175
−68 0.34 ± 0.09 0.60 G
163 001115 B cpl 0.17+1.00
−1.39 - 254
+69
−43 0.63 ± 0.10 0.61 G
164 001206A A pow 1.09+0.53
−0.60 - - 0.18 ± 0.05 0.63 G
164 001206A B cpl 0.52+0.58
−0.74 - 177
+37
−24 0.53 ± 0.06 0.48 G
165 001206C A pow 1.08+0.51
−0.55 - - 0.30 ± 0.08 0.45 G
165 001206C B pow 1.91+0.24
−0.24 - - 0.47 ± 0.07 0.76 G
168 001213 A pow (*) 2.35+0.72
−0.59 - - 0.38 ± 0.13 1.77 -
168 001213 A cpl < 1.71 - 169+68
−100 0.30 ± 0.12 1.51 -
168 001213(a) B - - - - - - -
168 001213(a) C - - - - - - -
168 001213 D pow (*) 2.14+0.27
−0.26 - - 0.96 ± 0.13 1.38 -
168 001213 D cpl 0.60+1.29
−1.94 - 164
+59
−93 0.81 ± 0.18 1.29 -
168 001213 E pow 2.92+3.13
−1.24 - - 0.32 ± 0.23 1.20 -
169 001217 A pow (*) 2.16+0.26
−0.24 - - 0.33 ± 0.05 0.85 G
169 001217 A cpl 0.45+1.36
−2.13 - 117
+38
−56 0.27 ± 0.06 0.65 G
169 001217(a) B - - - - - - -
170 001219A A pow 2.14+1.18
−0.98 - - 0.29 ± 0.14 0.35 G
170 001219A B pow 2.29+0.30
−0.29 - - 0.94 ± 0.15 0.57 G
170 001219A C pow 1.97+0.64
−0.62 - - 0.38 ± 0.12 0.43 G
174 010127 A pow (*) 1.80+0.14
−0.13 - - 0.80 ± 0.06 0.84 -
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Table 3. continued.
# GRB GRB Interval model α β Ep Φ(40 − 700) χ2/dof CAT comment
- - - - - - (keV) (10−5 erg cm−2) - - -
174 010127 A cpl 1.06+0.55
−0.66 - 294
+217
−59 0.73 ± 0.07 0.77 -
174 010127 B pow 1.82+0.24
−0.24 - - 0.47 ± 0.06 1.05 -
176 010222A A pow 1.96+0.15
−0.15 - - 0.71 ± 0.05 0.76 W
176 010222A B cpl 1.15+0.06
−0.06 - 347
+16
−14 8.29 ± 0.09 0.96 W
179 010324 A pow (*) 1.93+0.45
−0.41 - - 0.18 ± 0.05 1.16 A
179 010324 A cpl < 1.82 - 171+86
−46 0.14 ± 0.05 0.76 A
179 010324 B cpl 0.79+0.28
−0.31 - 241
+34
−25 1.12 ± 0.06 0.62 A
179 010324 C cpl < 1.41 - 140+50
−37 0.16 ± 0.05 0.65 A
179 010324 C pow (*) 2.13+0.39
−0.37 - - 0.20 ± 0.05 0.96 A
179 010324 D pow 2.07+0.30
−0.28 - - 0.28 ± 0.05 0.68 A
179 010324 D cpl 0.93+1.07
−1.97 - < 260 0.24 ± 0.06 0.58 A
180 010326 A pow (*) 1.97+0.33
−0.33 - - 0.40 ± 0.08 0.91 I
180 010326 A cpl 0.60+1.37
−2.07 - 207
+467
−133 0.36 ± 0.09 0.84 I
180 010326 B pow (*) 1.99+0.25
−0.26 - - 0.52 ± 0.08 0.58 I
180 010326 B cpl 0.93+1.04
−1.41 - 193
+100
−58 0.47 ± 0.09 0.52 I
184 010427B A cpl 0.84+0.11
−0.11 - > 550 3.78 ± 0.06 0.92 G
184 010427B B cpl 1.12+0.19
−0.20 - > 429 1.82 ± 0.06 0.67 G
188 010619 A cpl 1.04+0.27
−0.31 - 185
+22
−18 1.32 ± 0.08 0.59 G
188 010619(a) B - - - - - - -
188 010619(b) C - - - - - >3 -
188 010619 D pow 1.85+0.29
−0.28 - - 0.34 ± 0.06 0.86 G
190 010711 A pow 2.49+0.23
−0.22 - - 3.81 ± 0.49 0.89 -
190 010711 B pow 2.64+0.91
−0.74 - - 1.20 ± 0.47 0.69 -
191 010715 A pow 2.48+0.81
−0.68 - - 0.30 ± 0.11 0.75 -
191 010715 B pow 2.25+0.36
−0.33 - - 0.59 ± 0.10 0.39 -
197 010826 A cpl 0.62+0.27
−0.29 - 277
+35
−25 1.32 ± 0.07 0.59 G
197 010826 B cpl 0.75+0.24
−0.26 - 370
+78
−47 1.44 ± 0.07 0.69 G
197 010826 C pow 1.92+0.24
−0.24 - - 0.35 ± 0.05 0.75 G
(a) Low signal, no useful spectrum.
(b) Unacceptable fit due to large χ2.
